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ABSTRACT 

Context. Stars are born deeply embedded in molecular clouds. In the earliest embedded phases, protostars emit the bulk of their 
radiation in the far-infrared wavelength range, where Herschel is perfectly suited to probe at high angular resolution and dynamic 
range. In the high-mass regime, the birthplaces of protostars are thought to be in the high-density structures known as infrared- 
dark clouds (IRDCs). While massive IRDCs are believed to have the right conditions to give rise to massive stars and clusters, the 
evolutionary sequence of this process is not well-characterized. 

Aims. As part of the Earliest Phases of Star formation (EPoS) Herschel Guaranteed Time Key Program, we isolate the embedded 
structures within IRDCs and other cold, massive molecular clouds. We present the full sample of 45 high-mass regions which were 
mapped at PACS 70, 100, and \60/um and SPIRE 250, 350, and 500yL/m. In the present paper, we characterize a population of cores 
which appear in the PACS bands and place them into context with their host molecular cloud and investigate their evolutionary stage. 
Methods. We construct spectral energy distributions (SEDs) of 496 cores which appear in all PACS bands, 34% of which lack 
counterparts at 24 jim. From single-temperature modified blackbody fits of the SEDs, we derive the temperature, luminosity, and mass 
of each core. These properties predominantly reflect the conditions in the cold, outer regions. Taking into account optical depth eff'ects 
and performing simple radiative transfer models, we explore the origin of emission at PACS wavelengths. 

Results. The core population has a median temperature of 20 K and has masses and luminosities that span four to five orders of 
magnitude. Cores with a counterpart at 24 fim are warmer and bluer on average than cores without a 24 fim counterpart. We conclude 
that cores bright at 24 yum are on average more advanced in their evolution, where a central protostar(s) have heated the outer bulk of 
the core, than 24 yt/m-dark cores. The 24 /um emission itself can arise in instances where our line of sight aligns with an exposed part 
of the warm inner core. About 10% of the total cloud mass is found in a given cloud's core population. We uncover over 300 further 
candidate cores which are dark until lOOyt/m. These are possibly starless objects, and further observations will help us determine the 
nature of these very cold cores. 

Key words. ISM: clouds, dust, extinction - Stars: formation, massive 



1. Introduction 

Star formation is a critical ingredient in a broad range of astro- 
physical phenomena, yet there are fundamental components of 
the process - particularly in the early stages - that remain poorly 
understood. Over the past decades, a basic framework for the for- 
mation of low-mass stars has de veloped beginning with gravita - 
tionally bound pre-stellar cores ( [Ward-Thompson et al. 20021, 
evolving into Class and Class I protostars then Class II and 
Clas s III pre-main sequence stars ( Shu et al. 1987 [ | Andre et aT 



|1993| ). Such a sequence for the formation of high-mass stars has 
not yet been established. Several good candidates for massive 
young cores have been identified using the 170/im ISQPHQT 
Serendipity Survey (ISOSS) (Lemke et al.|p^96l[Krause et al 



* Herschel is an ESA space observatory with science instruments 
provided by European-led Principal Investigator consortia and with im- 
portant participation from NASA. 



12003 [ |2004t IBirkmann et al.l [20Q6|) or sensitive mill imeter sur- 
veys (e.g. [Klein et al.| |2QQ5[ |Sridharan eFaL] [2005] ). However, 
upon further investigation, most have been found to already host 
(deeply embedded) low- to intermediate-mass protostars (e.g. 



Mott e etal.[ [2007 [ [Hennemann et al.[ [20Q8[ [Beuther & Henning 
j2009 ). It is the stage previous to the onset of massive protostar 
formation that continues to elude observers. 

Many gaps remain in our understanding of how massive stars 
and clusters form, beginning with the elusive initial conditions. 
Do massive stars result from the gravitational collapse of cold, 
very massive cores (Evans et al. , 2002; B euther et a l. , 2007 ) like 
their low-mass siblings? What role does the environment play in 
determining the ultimate fate of such cores? As a (massive) pro- 
tostar evolves, how drastically do its properties change, and what 
impact does it have on its surroundings? In order to study these 
very early, embedded phases of (massive) star formation, access 
to the far-infrared wavelength regime, where the peak of the cold 
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Fig. 1. Face-on schematic view of the distribution of IRDCs (green triangles) and ISOSS sources (red squares) and the HMSC 07029 
(blue triangle) in the Milky Way. The background image is an artist's impression of the Milky Way based on the GLIMPSE survey, 
credit R. Hurt [SSC-Caltech], adapted by MPIA graphics department. The kinematic distances to each object are derived using the 
IReid etal.| ( |20D9| model. 



dust radiation (Tdust ~ 10-20 K) is located, is critical. In addition, 
high angular resolution is needed to study massive star-forming 
regions which usually reside several kiloparsecs from the Sun. 
The Herschel far-infrared satellite ( |Pilbratt et al.| |2010| ) drasti- 
cally improves our ability to peer deep into the dense regions 
where such young cores are embedded. 

The Earliest Phases of Star formation (EPoS) Guaranteed 
Time Key Program (P.I. O. Krause; Henning et al. 2010 |Linz| 



leFaLl |2Q7o1 [Beuther et al.l |2QTo1 |Stutz et alj |2010| ) is a PACS 
and SPIRE photometric mapping survey which targets objects 
known to be in the cold early phases of star formation. There are 
two main components to the EPoS sample: 15 isolated, low-mass 
globules at various evolutionary stages, from starless to Class I, 
and 45 high-mass regions, which are mostly larger, high den- 
sity molecular cloud complexes containing a range of objects 
within their boundaries. In Stutz et al. (2010), Nielbock et al. 
(2012, submitted), and a forthcoming comprehensive study by 
Launhardt et al. (in prep.), the low-mass part of the EPoS sam- 



ple is investigated. In this overview, we focus on the high-mass 
star-forming regions. 

Our sample is comprised of objects known as infrared-dark 
clouds (IRDCs), which were first discovered in silhouette against 
the bright Galactic backg round in the mid-infrared with the 
ISQC AM instr ument (Perau lt et aT l 1996) and the MSX satel- 
lite ( |Egan et al.||1998| at 15 and 8yum, respectively. Several sur- 
veys in millimeter and sub-millimeter continuum and spectral 



lines have followed (e.g. [Carey et al.||1998 , 2000 ; T eyssier et al. 
IPillai et al.| |2006at [Rathborne et al.n 2006i Ragan e t al. 
[Vasyunina et al.[|2009|) and have established that massive 



^2002 
2006 

IRDCs harbor the precursors and early phases of massive star 
and cluster formation. We select 29 IRDCs, most of which are in 
the inner quadrants of the Galaxy (see Figure [T]). Assumin g th e 
IRDCs lie on the near side of the Milky Way (see Section 2.2), 
they coincide with the Scutum-Centraurus spiral arm, which (in 
the first q uadrant) overlaps with the Molecular Ring (Jac kson| 
et al. 2008| ). Also part of our sample are sources discovered in 
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Fig. 2. Histogram of distances of the 45 clouds in the sample 
in 0.5 kpc bins. The full sample is plotted in the solid gray his- 
togram, the histogram for just the IRDCs is plotted in the green 
dot-dashed line, and the ISOSS targets are plotted in the red his- 
togram. The median distance of the full sample, 3.2 kpc, is plot- 
ted in the solid gray line, and the median for the IRDC-only 
(3.1 kpc) and ISOSS-only (3.5 kpc) are shown with solid green 
and red vertical lines. 



sical" IRDCs (3.1 kpc) is only slightly smaller than that of the 
ISOSS portion of the sample, 3.5 kpc. Considering the typical 
distance uncertainties, these subsamples occupy equivalent dis- 
tance ranges. 

We show the spatial distribution of the targets throughout the 
Galaxy in Eigures|3]and[T] Only a small fraction of the sources 
lie outside ±1° in Galactic latitude, and we see in Eigure[3]that 
the farthest outliers tend to be the ISOSS sources. As shown in 
Eigure[T] the majority of the well- studied IRDCs lie in the first 
quadrant, coincident with the Scutum-Centaurus spiral arm. On 
the other hand, the ISOSS sources appear to coincide with the 
Sagittarius arm (in the first quadrant) or the Perseus arm (in the 
outer Galaxy). 



2.3. Ancillary data 

2.3.1 . Mid-infrared archival data 



We make use of the Spitzer/WnPSGAL dCarey et al.] |2009|) sur- 



vey data at lAjim which covers 27 objects in our sample. MIPS 
24 yum data for 1 1 other objects are available from other projects 
(see Table |4]). In general, MIPS 24 [im data provide point source 
sensitivity down to ~2 mJy. Above 2-3 Jy, the MIPS detector sat- 
urates. Where available, we use the IRAS and MSX point source 
catalogs to estimate fluxes for bright mid-infrared sources. 



the ISO Serendipity Survey (ISOSS) at 170 yum, which are seen 
to harbor cold, massive clumps at large Galactocentric distances. 

We present the first comprehensive results of the Herschel 
PACS and SPIRE imaging survey of 45 massive targets as part 
of the EPoS survey. The goals of this study are as follows: (1) 
give a general characterization of the sample based on Herschel 
data in concert with existing complementary datasets; (2) char- 
acterize point sources embedded within the targeted clouds; and 
(3) connect the point source properties to the overall cloud struc- 
ture and environment. 



2. Sample description 

2.1. Target selection 

The high-mass portion of EPoS GT Key Program sample 
was compiled from several diff'erent surveys with varying ap- 
proaches, but they are unified in that insofar as the existing data 
show, they are all candidates to be in the earliest stages of high- 
mass star formation. Table [3] summarizes our targets, with their 
positions, distances, and mass estimates from various Galactic 
plane survey data which we will detail below. Appendix A de- 
scribes the selection strategy and each of the individual sources 
in greater detail. 

2.2. Distances and Galactic distribution 

We derive kinematic distances for each of the IRDCs follow- 



ing the method put forward in Reid et al. (2009 ), adopting the 
updated distance to the Galactic Center of = 8.4 kpc and a 
circular rotation speed of Oq = 254 km s"^ Table |3] lists the 
visr that was used, the reference from which this velocity was 
obtained, and the resulting distances and uncertainties, assum- 
ing the recommended 7 km s"^ uncertainty in visr, the source of 
which is listed in the References column of Table |3l We show 
the distribution of distances in Figure [2] The overall median dis- 
tance is 3.2 kpc. We also show that the median distance to "clas- 



2.3.2. Sub-millimeter survey data and boundary definition 

Based on previous observations of the targets in our sample, the 
approximate dimension of each cloud is qualitatively known and 
was the basis of the selection of the mapped area indicated in 
Table |4] In order to proceed analyzing each cloud in detail, how- 
ever, we must first consistently define their boundaries. For this 
task, we choose to use sub-millimeter maps, originating from the 
optically-thin emission from cold dust, to draw the boundary of 
the cloud and determine the total cloud masses. 

The ATLASGAL survey ( [SchuUer et aLl [2009] ) covers 24 
of the IRDCs in the EPoS sample at 870//m and are listed 
in Table |3] For 17 other sources (15 ISOSS sources plus 
HMSC07029-1215 an d IRDC073. 3 1-^0.36) limited area maps 
at 850yum (,Di Francesco et al.j [20081 [Carey et al.|[2Q00l|Krause 



leTSl |2003t IBirkmann eFaTT 12006112007 [ |Hennemann et al. 
2008) are in the SCUBA archive, and for three other sources 
(IRDC 321.73-hO.05, IRDC 18151, and IRDC 20081) we use 
pub hshed MAMBO 1 .2 mm maps from |Beuther et al.| ( |2002b| ) 
and [Vasyunina et al.| (|2009). In all, for all but one source. 



ISOSSJ06114-hl726, we have continuum maps with which we 
define the boundary of a cloud and estimate the total cloud mass 
as described below. 

For the portion of the sample covered by ATLASGAL, we 
determine the cloud boundary from regions of sub-millimeter 
emission based on smoothed ATLASGAL 870 jim maps created 
in the following manner: 

(1) As our Herschel maps do not always include the full extent 
of a given cloud complex, e.g. focusing instead on the infrared- 
dark portion, there are cases in which sub-millimeter emission 
extends beyond the region of uniform coverage in our Herschel 
maps. We therefore crop the sub-millimeter map to match the 
area of uniform coverage based on a smoothed (to -T) SPIRE 
500 Jim coverage map. 

(2) The cropped sub-millimeter map is then convolved by a ~r 
gaussian. 
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Fig. 3. Galactic distribution of EPoS high-mass sample in Galactic latitude and longitude. Green triangles represent IRDCs and red 
squares represent ISOSS sources. The blue triangle is HMSC 07029. 



(3) We compute column density maps using the standard formu- 
lation (Hildebrand, 1983): 



Nh2 = 



(1) 



where Rgd is the gas-to-dust ratio, assumed to be 100, 5'y is the 
specific flux at SSOyum, 870yum, or 1.2 mm enclosed within the 
IRDC boundary, ByiTdust) is the Planck function at dust temper- 
ature, Tdust^ assumed to be 20 k[^ We use the dust model for in- 
termediate volume densities and thin ice mantles by | Qssenkopf 
& Henning ( 1994[ Table 1, column 5), and we adopt a value 



for the dust mass absorption coefl&cient Argso/zm and Arsvs/^m of 
1.85 cm^ g"^ and Ki2mm of l.Ocm^ g~^ We use the automated 



clumpf ind algorithm ( [Williams et al. 1994| ) to identify pixels 
in the smoothed sub-millimeter map which lie above a 8 x 10^^ 
cm"^, or Ay ~ 0.8 mag, threshold. The resulting boundary is 
plotted in the figures in Appendix B. 

The smoothing performed in steps (1) and (2) is necessary 
to avoid "over-clipping," i.e. exclusion of clearly associated re- 
gions, in cases where the ATLAS GAL data are noisy. Due to the 
nature of single-dish emission maps, often the region surround- 
ing a bright source shows artifacts (e.g. "bowls" of reduced or 
negative pixel values). By smoothing, we avoid erroneously ex- 
cluding these neighboring regions of interest. 

For objects not covered by ATLASGAL (see Table [3]), 
we rely on SCUBA archival data at 850/im and MAMBO 
1.2 mm maps to determine boundaries and masses. Unlike 
the ATLASGAL wide-area maps, the SCUBA and MAMBO 
data were obtained in targeted fashion, such area of the sub- 
millimeter map is smaller than the Herschel map size, render- 
ing step 1 of the above boundary definition method unnecessary. 
We therefore draw a circular boundary to include the significant 
sub-millimeter emission. 



We note that recent observations |Peretto etaL 2010 



[Beuther et al. 

|2012| ) have shown that IRDCs may exhibit temperature gradients, espe- 
cially when situated near a star forming region. In future work, we shall 
investigate the degree of this effect throughout the sample making use 
of more detailed dust temperature maps. 



We also estimate the total mass of each cloud assumin g op- 
tically thin emission and following the method in ^Hildebrand 
( a 19 8^ 



^cloud 



Rgd d Sy 



(2) 



with distance, d, considering the flux density, Sy which is 3- 
cr above the average rms in the region. We list the masses in 
Table |3l We plot the cloud mass as a function of distance in 
Figure]4]and as a function of Galactocentric distance in Figure [5] 
Given the uncertainties in dust opacity, distance, dust tempera- 
ture, and flux measurements, these mass estimates are reliable to 
within a factor of two. 



3. Herschel observations and data reduction 

3.1. PACS 

We observed 45 sources at 70yum, lOOyum, and 160 yum with 
the Photodetector Array Camera and Spectrometer (PACS; 
Poglitsch et al. 2010| ). We obtained two perpendicular scan di- 
rections to minimize striping in the final combined maps. The 
scan speed for all observations was 20'' sec"\ and a total of 6 
repetitions were obtained for each scan direction for the 70 yum, 
and 160 yum simultaneous observations, while 3 repetitions were 
obtained for each scan direction for the lOOyum, and 160 yum si- 
multaneous observations. Map sizes vary according to the tar- 
get extent and are listed in Table |4] The PACS da ta for our 



sources were processed to level 1 using HIPE ( jOtt| |2010| ). In 
this step we apply "second level de-glitching" to remove bad 
data ("glitches") for a given position in the map. This is done by 
applying a clipping algorithm (based on the median absolute de- 
viation) to all flux measurements in the data stream that will ul- 
timately contribute to the respective map pixel. For our dataset, 
we use the 'timeordered' option with an 'nsigma' value of 25, 
which removes obvious glitches satisfactorily while keeping the 
core of stronger point sources intact. 
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Fig. 4. Cloud mass derived from ATLASGAL, SCUBA, or 
MAMBO continuum maps plotted as a function of distance. 
Green triangles are IRDCs, red squares are ISOSS sources, and 
the blue triangle is HMSC 07029. Toward the bottom, the core 
size we can resolve with our R\CS maps is shown as a function 
of distance. See Section]?. 3. 2| for the relevant assumptions. 
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Fig. 5. Cloud mass as a function of Galactocentric distance. 
Green triangles are IRDCs, red squares are ISOSS sources, and 
the blue triangle is HMSC 07029. 




Wavelength (/xm) 

Fig. 6. Example SED for a core with the median properties 
of the "near" sample: M = 2Mq and T = 20 K. The solid 
black curve depicts the SED assuming optically thin emission 
over the full spectrum. The cyan dashed curve shows an SED 
with the same parameters, but without an assumption of opti- 
cally thin emission. The blue, green, and red dash-dotted curves 
show the filter response function (xlO"^) for the 70yum, lOOyum, 
and 160yum bands, respectively. The full range of fluxes at each 
wavelength for 24yum-bright (red dotted line) and 24yum-dark 
(gray dotted line) are shown. All flux densities have been nor- 
malized to the fiducial 4 kpc distance. 



were processed until level- 1 with HIPE (developer build 5.0, 
branch 1892, calibration tree 5.1) using the standard photome- 
ter script (P0F5_pipeline .py, 02.03.2010) provided by the 
SPIRE ICC team. The level- 1 maps were further processed us- 
ing Scanamorphos ( |Roussel| |2012| ), version 9 (patched, dated 
08.03.2011), which included a de-striping algorithm imple- 
mented for maps with fewer than 3 scan legs per scan. We used 
the "galactic" option and included the non-zero- acceleration 
telescope turn-around data. The resultant maps are presented in 
the image gallery in Appendix B. 



After producing level 1 data, we have generated final level 
2 maps using Scanamorphos ( Roussel| |2012[ ). Because our 
sources generally fill the scan maps with variable and bright 
emission, the highpass median-window subtraction method im- 
plemented in HIPE for the Level 2 processing produces images 
which can suff'er from variable missing flux levels and stripping 
at increased levels relative to the Scanamorphos maps. For this 
reason we choose Scanamorphos as our benchmark level 2 data 
product. The final level 2 maps were processed using various 
Scanamorphos v.9 options; we find the "galactic" option to be 
best suited for our data-set and scientific goals. Additionally, 
these data were processed including the non-zero-acceleration 
telescope turn-around data. The resultant maps are presented in 
the image gallery in Appendix B. 

3.2. SPIRE 

We obtained maps at 250, 350, and 500 jim using the Spectral 
and Photometric Imaging Receiver (SPIRE; Gri flSn et al.[ 
2010| ). The map dimensions are listed in Table |4] The data 



4. Point source extraction and analysis 

4.1. Source extraction and photometry 

We first gridded each PACS image to a uniform 1 arcsecond per 
pixel scale. Because of the diff'use, variable background emission 
in the PACS wavelength regime, the extraction of point sources, 
in particular for sources deeply embedded in regions of high ex- 
tinction or with compact background emission components, is 
not straightforward with a standard algorithm designed for low- 
background source extraction (e.g. star finder Diolaiti et al.] 
,2000b ). To remedy this, we apply an unsharp-mask filter to each 
PACS image in order to remove the large-scale emission, i.e. we 
smooth each image and subtract the smoothed image from the 
original science frame. We use empirically-determined smooth- 
ing filter sizes of 9, 9, and 20 pixels for the 70, 100, and 160 yum 
bands, respectively. The larger 160yum filter size is needed be- 
cause the diff'use emission from the cold material tends to vary 
on larger scales and this wavelength. 

We perform the source extraction with star finder on 
the diff'erence image in order to acquire the positions of point 
sources. These positions are given as a prior for a second itera- 
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Fig. 7. Example SEDs of objects at a range of luminosities: ^13Lq (top left), 98Lq (top right), IOLq (bottom left), and ILq (bottom 
right) cores, all normalized to 4 kpc distance. The cloud name and core ID number of the object are given in each panel, along with 
the mass and temperature, and all associated uncertainties. The dashed line in each panel represents the SED without the optically 
thin assumption. 



tion of starf inder on the original science frame, on which we 
perform PSF photometry and extract fluxes on objects which are 
5-cr above the median background of the image. We used an em- 
pirical PSF of Vesta (Observation Day 160) and rotate to account 
for the scan direction of a given observation. 

Compact source candidates are evaluated internally by 
starf inder on to which degree they agree with a given instru- 
ment PSF. To do this, starf inder computes a correlation coef- 
ficient, which is a normalized sum of products of pixel values in 
the science image and the PSF reference image, taken as a func- 
tion of spatial off'sets between image and PSF. The starf inder 
algorithm then tries to find the maximum of this coefficient by 
slightly varying the mentioned spatial offsets. In order to achieve 
higher accura cy for this estimate, a cubic co nvolution interpola- 
tion method ( Park & Schowengerdt 1983| ) is implemented to 
compute the correlation coefl&cient on a sub-pixel level. The ex- 
plicit form of the correlation coefficient is given in section 3.4 
oflDiolaitFet al. (2000a), and was itself taken from the book of 



|Gonzalez"X Woods , (1992). Since the coefl&cient is a normalized 
quantity, a perfect agreement between a source in the science 
frame and the PS F would re sult in a correlation coefficient of 1 .0. 
As mentioned in lDiolaitfet al.[ ( |2000a| ), a correlation coefficient 
between 0.7 and 0.8 is still acceptable in case of noisier data to 
consider a found source as an unresolved source resembling the 



PSF. We tested a range of required correlation coeflScient values 
and determined by-eye that a value of 0.79 was most suitable. 

Where available, we use 24yum images from the 
Spitz er/MIFS archive, mainly from the MIPSGAL survey 
( Carey et al. |200 9). We indicate which of our targets were 
covered by MIPSGAL or other MIPS 24yum observations in 
Table |4] We extract the point source flux from the MIPS 24 //m 
image using the tinytim PSF. We then match all cata logs using 
a world coo rdinate system-based algorithm (see |Gutermuth 
et al. 2008[ ) with a position-matching tolerance of IT' (the 



FWHM of the PACS 160yum PSF), and we report the position 
(from the lOOyum source position) and flux densities of all 
sources detected in at least the three PACS bands in Table IC.ll 
The positions of the point sources are marked on each panel in 
the image gallery figures (Appendix B). The uncertainties in 
extracted flux densities are of order 15, 20, and 20% for PACS 
70, 100, and 160 yum, respectively, and 15% for the MIPS 24yum 
flux densities. 

We cross correlate our PACS point source catalog with the 
IRAS and MSX point source catalogs and note matches in 
Table |C.1[ In cases where the MIPS 24 jjm image is saturated, 
we list the IRAS 25yum or MSX 21 yum flux density. We note 
that the IRAS and MSX fluxes are integrated over much larger 
apertures than MIPS and PACS, so in some cases there are mul- 
tiple source resolved with Herschel or Spitzer which appeared 
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as a single source in IRAS or MSX. Some sources in Table CI 
have the same associated IRAS or MSX source. 

In all, we extract 496 point sources which have counterparts 
at all PACS wavelengths. Upon by-eye inspection, we identified 
51 point sources which appear point-like in the PACS bands but 
did not meet our criteria for significance and/or PSF-correlation 
coefficient. On the other hand, 152 of the 496 sources were 
deemed "unlikely" to be identified by the human eye. In sum- 
mary, 70% of the reported detections are reliable when checked 
by eye, and an additional 10% could be missing from the sam- 
ple. These figures do not include the diff'ering eff'ects of distance 
on our ability to resolve substructure within the psf; such con- 
siderations will be addressed in forthcoming work on individual 
objects which can be supplemented when high-r esolution data 
become available (e.g.|Beuther & Henning|[2009 ). 



4.2. Spectral Energy Distribution Fitting 

We fit a single temperature modified Planck function to the spec- 
tral energy distribution (SED) comprised of the three PACS flux 
densities (Sy) at 70, 100, 160 jim at the position of each extracted 
point source. At these wavelengths, we assume the dust is opti- 
cally thin. We exclude the SPIRE data in order to preserve the 
high angular resolution scales probed with just the PACS data. 
Furthermore, for the vast majority of point sources, no clear 
counterpart is possible to extract from SPIRE maps due to in- 
creasing beam dilution. We also exclude the 24 fim data point in 
our fitting. i Beuther et aL] (|2010) have shown that a second black- 
body contribution, with a higher temperature and lower mass, is 
typically needed to account for the 24 jim emission. This second 
blackbody represents the relatively small fraction of warm dust 
which lies near the central protostar, presumably because this 
material has been heated by the protostar itself. We revisit this 
interpreation in Section [5] 

The automated fitting is performed with simulated anneal- 
ing ( [Kirkpatrick et al.[[l983| ). The model takes into account the 
frequency-dependen t, optically thin dust opacity, /Cy, using the 
model computed by'Ossenkopf & Henning'(1994), assuming a 
density of 10^ cm"^ and thin ice mantles on the grains. The SED 
comprised of the extracted flux densities are fit iteratively with 
the following function: 



Bv(Tdust) Ky 

Rgd cf 



M 



(3) 



where By is the Planck function at a temperature, Tdust^ Rgd is 
the gas-to-dust ratio (assumed to be 100), d is the distance to the 
source, and M is the gas mass fit for a given object. We stress 
that Tdust represents a single, average temperature of the unre- 
solved point source, and here we do not attempt to model the 
temperature gradient on smaller scales. 

4.3. Sensitvity considerations 

The PACS photometer has in general shown a good perfor- 
mance regarding point source detection sensitivities. In the scan 
map release notq^5-(T detection limits of around 5, 5, and 11 
mJy are mentioned for the 70, 100, and 160 fim filter, respec- 
tively. This performance has been achieved on mini-maps (hav- 
ing a similar number of scan repetitions as our science maps, 
but better coverage in the central part of such a map). However, 



we cannot expect identical detection thresholds for our science 
maps. First, the benchmark results have been obtained in obser- 
vations of field stars without high extended background emis- 
sion. Furthermore, these mini-maps have been processed by uti- 
lizing the standard approach for drift and l/f noise removal: an 
aggressive high-pass filtering of the data time lines with small 
median windows, which robustly pushes the noise in the map to 
very low levels. Such an approach is not possible for our sci- 
ence maps since it would severely corrupt the extended emis- 
sion present in our maps, and would at the same time aff'ect 
the point source fluxes. Instead of high-pass filtering we use the 
ScANAMORPHOs program (see Sec. 3.1) as a well-balanced com- 
promise for retaining both the correct point source fluxes and 
the extended emission, at the cost of slightly higher noise levels. 
Because the objects in our sample exist in a wide variety of en- 
vironments, and the foreground and background emission varies 
not only from region to region but also within a given map, the 
overall point source sensitivity is difficult to quantify. In general, 
the minimum fluxes we detect are 0.03 Jy at 70 yum, 0.03-0.1 Jy 
at 100 yum, and 0.1-0.3 Jy at 160 jim. Naturally, the sensitivity 
worsens in regions of bright, diff'use emission (e.g. IRDC 18102 
and 18454). 



5. Spectral Energy Distributions 



In Table |C.1[ we present a catalog of all point sources found 
in the 45 targets, requiring detections in all three PACS bands, 
and report their positions and flux densities. We enforce strict 
extraction and matching criteria (see Section]?]) in order to com- 
pile the most homogeneous, flux-limited catalog possible with 
these data. There are a total of 496 cores which fit this descrip- 
tion. Where available (see Table [4]), we include the MIPS 24yum 
flux density when a counterpart is present. For bright sources, 
the MIPS detector is often saturated, in which case we report an 
IRAS 25 Jim flux density or MSX 21 jim flux density, when one 
was available. We note that in such cases, the IRAS and MSX 
fluxes are measured over much larger beam areas, thus the re- 
ported flux density will certainly be an overestimate of that due 
to the Herschel point source. 

The clouds in our sample span a range of distances from 0.6 
to 5.9 kpc (see Figure 2]). One consequence of the large range of 
distances is that the definition of a "point source" corresponds 
to diff'erent physical scales throughout the sample. For exam- 
ple, in the nearest IRDC at 0.63 kpc, the 11.4'' angular resolu- 
tion of the 160 yum band corresponds to 7200 AU, or 0.03 pc, 
which resolves what is considered a typical core scale ([Bergin 



& Tafalla, 2007 ). On the other hand, a point source in the most 



^ http : //herschel . e s ac . e s a. int/t wiki/pub/Public/Pac sC alibr ation Web/ 
PhotMiniScan_ReleaseNote_20101 1 12.pdf 



distant IRDC at 5.9 kpc corresponds to a physical scale almost 
ten times larger, which is closer to the "clump" scale, an ob- 
ject which could be comprised of many "cores." As a result, we 
are more sensitive to the low-mass, low-luminosity population 
of cores in nearer IRDCs than the more distant ones. Therefore, 
throughout our analysis, we distinguish between point sources 
within "near" and "far," using 4 kpc as the defining distance. A 
point source in the "near" category has a characteristic physical 
scale of 0.1 to 0.2 pc, and a "far" point source is between 0.2 and 
0.3 pc. The range of physical sizes to which our point sources 
correspond is illustrated in Figure]?] Because most clouds reside 
in the near regime, we will, for simplicity throughout the remain- 
der of the paper, refer to the point sources as "cores," the physi- 
cal interpretation of these objects. When relevant for comparing 
sample properties, we normalize flux to a distance of 4 kpc so 
the properties of the entire sample can be fairly compared. 
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+ near 24/xm-dark 
^ near 24/im-bright 

far 34^m-dark 
X far 34^m- bright 




Luminosity (L©) 

Fig. 8. Flux at 24 jim (upper-left), 70 yum (upper-right), 100 yum (lower-left), and 160 jim (lower-right), normalized to 4 kpc distance, 
as a function of luminosity from SED fits. The black crosses and blue diamonds represent the 24 yum-dark and -bright (respectively) 
cores nearer than 4 kpc. The green squares and red triangles represent the 24yum-dark and -bright (respectively) cores further than 
4 kpc. The magenta dashed line in the two upper panels represents the relationship shown in Dunham et al.| ( [2Qb8j for embedded 
protostars from the Spitzer c2d survey. 



We construct SEDs for each sour ce ha ving detections in at 
least the three PACS bands. In Table |C.l] we list the flux den- 
sities at 70, 100 and 160i/m, as well as the 24yum flux density 
when availably Figure [6| shows the full range of flux densities, 
normalized to 4 kpc distance as well as the fit (from Equation [3]) 
SED of a core with the median properties of the sample. The 
solid curve shows the fit assuming optically-thin emission, and 
the dashed curve shows a Planck function with the same physi- 
cal properties but without the optically-thin assumption (but as- 
suming ~ lO^^cm"^). The total luminosity diff'ers by only 
-10%. 

The SEDs peak in the range between 130 and 190yL/m, and 
the median peak flux density (of the 4 kpc distance-normalized 
SED) is about 1 Jy at 160yum. Figure [7] shows example SEDs for 
individual objects selected to show the full range in luminosities 
of the sample with the best fit modified blackbody with (solid 
line) and without (dashed line) the optically thin assumption. 

The 24 yum flux density typically can not be accounted for 
in the single component, single temperature fit to the PACS flux 
densities, but instead requires a second "warm" component to 
be added. We opt to exclude the value of the 24 yum data point in 



the analysis that follows for several reasons. First, shortward of 
70yum, the optically thin assumption is less reliable, rendering 
the 24 yum flux density a poor constraint of the warm component 
to extract meaningful physical information from a second com- 
ponent. Secondly, as the point sources are unresolved, probing 
scales between 0.05 to 0.3 pc, the enclosed volu me is (by mass) 
dominated by the passively-heated outer core ( |van Dishoeck 
|et al. ','2Qll). A complete treatment of the core radiative transfer 
is beyond th e sc ope of this paper. Recent wor k by [Stamatellos 
et al.| ( 2010 ) and Pavlyuchenkov et al. ( 2012| ) demonstrate the 
need for observations such as those presented here to constrain 
the flux on all scales in order to refine models. 



Each SED fit using Equation |3] has a best-fit temperature and 
mass, and the integrated area under the function gives the total 

As we are 



luminosity, all of which are reported in Table C.l 



^ Alternatively, the IRA S 25 jim flux density or MSX 21 jdm flux den- 
sity is given in Table [cTlif MIPS 24 jjm is saturated at the position. 



probing on scales of 0.05 to 0.3 pc ("cores"), these quantities 
represent the average values over the enclosed region. While we 
do not include the value of the flux density at 24 yum, we instead 
at times indicate whether a source is "24 yum-bright" or "24 yum- 
dark," meaning that there is or is not (respectively) a counterpart 
at a given position in the 24 yum image. We return to the signifi- 
cance of the 24 yum detections later in the Discussion. 
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Fig. 9. Distribution of point source properties within "near" 
(black histogram) and "far" (red dotted histogram) IRDCs. The 
top panel shows the core temperature distribution; the center 
panel shows the core luminosity distribution, and the bottom 
panel shows the core mass distribution. The median values for 
the near (black) and far (red) distributions are plotted with the 
vertical dashed lines. 
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Fig. 10. Histograms of core luminosities in distance bins d < 
2kpc (black), 2 < d < 3kpc (blue), 3 < d < 4kpc (green), 
4 < d < 5 kpc (orange), and d > 5kpc (magenta). The vertical 
dashed lines represent the luminosity sensitivity for each corre- 
sponding color distance bin. 

5.1. The source of emission at PACS wavelengths 

In Figure [8] we plot the relation between the flux (vSy) at each 
band and the corresponding core luminosity. There is a direct 
correlation at each wavelength which tightens at longer wave- 
lengths. Dunham et al.| ( |2Q06 |2Q08| ) find that for low-mass proto- 
stars, the 70 //m flux (from Spitzer in their case) is key to directly 
probing the protostellar luminosity while not being heavily in- 
fluenced by external heating or the disk geometry, which more 
strongly impacts the 24 [im emission. The upper-right panel of 
Figure [8] shows this correlation extends to the higher-luminosity 
cores we find in IRDCs. We also show in Figure [8] that the 
lOOyum, and moreso the 160yum, fluxes are excellent proxies for 
the core luminosities. But what is the main contributor to the 
100 and 160/im flux in IRDC cores: the protostellar luminosity 
or the external heating? 



Dunham et al. (2006 2008 ) argue that, for low-mass proto- 



stars, at wavelengths of 100//m and longer, the external radia- 
tion field becomes important, however because cores in IRDCs 
are generally more massive and more luminous, and by deduc- 
tion home to more massive and luminous protostars, the balance 
between internal heating from a protostar and external heating 
from the interstellar radiation field (ISRF) and/or local sources 
may be diff'erent. Further complicating the picture is that the 
dense environments of IRDCs, the cores we detect are embedded 
in high column density material {Ay ~ 2 - 20 Kainulainen et al. 



[2011 ), which may serve shield the core material from signifi- 
cant heating from external sources. While Pavlyuchenkov et al. 
( |2012 ) have shown that the stochastic heating caused by external 
UV field contributes insignificantly to the SED of IRDC cores 
long ward of lOOyum, further radiative transfer experiments are 
needed to quantify the impact of external radiation on the core 
heating and resultant SED of more massive cores at PACS wave- 
lengths. 

As a simple test of this question, we perform one- 
dimensional radiative transfer calculations using the 
TRANSPHERE-1E0 (vers. 3, C. Dullemon d), a spherically- 
symmetric version of the code presented in |Dullemond et al. 



Available from www.ita.uni-heidelberg.de/~dullemond/software/transphere/ 
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( 2002[ ), which is specially suited for high optical depth scenarios 



like our massive cores. We assume the core has a density (p) 
profile, p(r) oc r"^, where r is the radius. The average central 
density was 10^"^ cm"^ over the integrated radius range between 
200 AU and 0. 1 pc, which are similar to the values used in recent 
radiative transfer calculat ions of IRDC cores ( [Stamatellos et al.[ 
2010t|Wilcock et al.| [20!l ). At the assumed distance, 4kpc, the 
core would be 10'' in diameter, which would be unresolved in 
ourR\CS 1 60 yum observations. 

We assume a hybrid ISRF w ith the |Black| ( |1994| ) model for 
A > 0.36 fim an d Draine| ( p^978| ) for A < 0.36//m, as was done 
in |E vans et al.' (20011, and we implement dust opacities from 
[Ossenkopf & Henning] ( [1994| ) for A > 1 yum and M athis et aL] 
( 1983| ) for A < 1 //m. We test cases for a lOM© core, both with 
and without an internal protostar. For the protostellar case, we 
assumed a protostellar temperature of 8000 K, mass of 1 Mq, 
and rad ius of 53 Rq, motivated by m odels of massive proto- 
stars by |Hosokawa & Qmukai| ( [2009| ) taking into account both 
the protostar and accretion for a Ltot ~ 2Lq. Our simplified 
test assumes a single central source, but indeed most massive 
stars form in systems. Assuming that the sources are tightly clus- 
tered in a heavily embedded central region, the total, reprocessed 
emission coming out of the optically thick central core region 
will be most relevant for these calculations. 



In Figure 11 we show the resultant SED for a 10 Mq core 
with and without an internal protostar, and with varying levels of 
external radiation field, from no ISRF, a Black & Draine (B+D) 
ISRF, and a ten times amplified B+D ISRF. The SED is normal- 
ized to a distance of 4kpc. In the protostellar case, indeed we 
only begin to see a diff'erence due to the ISRF at wavelengths 
longward of lOOyum, and only marginally there. The bigger dif- 
ference is seen when the protostellar SEDs are compared to the 
starless cases, where the only heating source is external. As the 
ISRF level is increased, the SED is significantly enhanced at 
wavelengths longer than 60yum. With enough enhancement of 
the ISRF, an externally headed starless core could mimic the 
FIR SED of a protostellar core. However, we note that even in 
the extreme case of a ten times amplified ISRF, no appreciable 
24 yum flux is produced in the starless case. In future work, we 
shall explore the parameter space of core environments and the 
temperature structure. 

5.2. 24fim emission 

Figure [TT] shows that a 10 Mq core with a protostar would be 
detectable at 24yum, but as the core mass increases, the cores 
become more optically thick, thus the energy radiated at short 
wavelengths is reprocessed and re-emitted at the longer wave- 
lengths. Here we emphasize that while such a trend is not sur- 
prising for the spherical symmetric cases. At these wavelengths 
the core geometry likely plays a strong role, so our simple ID 
model breaks down. The central region is optically thick at 
24yum, thus other efl'ects are needed to account for the 24yum 
flux. 

There are various ways of accounting for the emission seen 
at 24 fim. We have discussed emission from externally, isotropi- 
cally heated outer core regions and emission from inner core re- 
gions. The emission from the inner core region generally would 
be reabsorbed by the outer core, but the inner core can be ex- 
posed by outflow activity when the jet/outflow alignment al- 
lows for it or the inhomogeneous distribution of clumpy material 
around the warm inner core (I ndebetouw et al.[ 2005). A core 
which is heated (anisotropically) by the radiation from a near 
neighbor can bring about excess emission as well, but we show 
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Fig. 11. Results of TRANSPHERE-ID radiative transfer calcu- 
lations for a 10 Mq core. The black lines represent the protostel- 
lar cases with varying levels of the B+D ISRF (see text). The 
dotted line has no ISRF, the solid line shows a "standard" B+D 
ISRF, and the dashed line shows the case for a ten times (uni- 
formly) amplified B+D ISRF. The green lines represent the case 
for starless cores, and are for the same ISRF cases. 
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Fig. 12. Results of TRANSPHERE-ID radiative transfer cal- 
culations for a 10, 100, 1000 M© protosteUar (PS) and starless 
(SL) cores with the standard B+D hybrid model for the ISRF. 
The black lines represent the protostellar cases for 10 Mq (solid 
line), 100 Mo (dashed line), and 1000 M© (dashed-dotted line). 
The green lines represent the same masses but without a central 
protostar. 



in Figure [12] that even in the case of the most enhanced ISRF, 
the amplification of flux does not appear at short wavelengths. 
Further studies will be needed to examine for single cores if 
nearby stellar sources can contribute to the heating of the core 
and thus to the flux at 24 yum. But given the numerous detection 
of 24 micron excess, it seems unlikely that all of them have stars 
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close enough to impact the SED and which can illuminate the 
core unattenuated. 

Substantial 24yum flux would also be expected in the case 
when the entire core has been heated by the central source 
enough that the optical depth at 24 jim becomes low enough that 
this emission can leave the core un-extincted. Because our ob- 
served SEDs can be fitted best with a single modified blackbody 
spectrum with low temperatures, we conclude that the 24yum 
emission visible in some cases is not due to a global warming 
of the core but is rather emission from heated inner regions ex- 
posed by outflow activity. 

6. Sample property distributions 

We plot the distribution of fit parameters for the full set of 
496 cores in our sample in Figure [9] We distinguish between 
"near" and "far" sources using 4 kpc as the dividing distance. At 
4 kpc and nearer, we probe scales of 0.2 pc and below. In total, 
there are 364 cores within near IRDCs and 132 cores within far 
IRDCs. We note that there are two factors which will reduce the 
number of cores detected in "far" IRDCs: (1) low-mass cores 
will fall below our detection limit (to quantify), and (2) due to 
coarser resolution of physical scales, cores which are separated 
by less than 0.2-0.3 pc will not be resolved. 

The core temperatures have a 1 8 K spread, and both the near 
and far cores have median values of 20 K. The median mass for 
near cores is 2Mq, and the luminosity distribution is strongly 
peaked around the median IOLq. For cores in far IRDCs, the 
median of the distribution are 14 Mq and 109 L© for the mass 
and luminosity, respectively, however our sensitivity to the low 
mass and low luminosity populations in far objects is limited. We 
show in Figure [To] the luminosity distribution broken down into 
more refined distance bins. From FigurejSj a core at our flux den- 
sity limit at 160yum (0.1 Jy) corresponds to a 1 L© core at 4 kpc. 
At nearer distances, we can detect sources down to 0.25 L© at 
2 kpc, and o ur sensitivity worsens to 2.3 L© at 6 kpc. As was 
discussed in |Henning et al.| ( [2010| ), assuming flux uncertainties 
for the 70, 100, and 160 //m bands of 15%, 20%, and 20%, re- 
spectively, the uncertainties to the fits are 4% in the temperature, 
20% in the luminosity, and 50% in the mass. These uncertainties 
do not include the eff'ects of optical depth, which, for example, 
can lead to underestimates of the mass. 

6.1. Core mass function 



In Figure 13 we show the cumulative mass function of cores 
more massive than 1 M©, including the total distribution, then 
the distributions split in terms of the 24yum counterpart sta- 
tus of a given core. We fit the distributions with the function 
N(> M) oc M~". We find that the slope of the full distribution 
is Of ~ 0.67 ± 0.26, while the 24 yum-bright cores have a slightly 
shallower distribution {a ~ 0.57+0.26) and the 24 yum-dark cores 
have a steeper distribution {a ~ 0.88 ± 0.47). 

Figure [13] immediately confirms what has been shown in the 
past in other high-mass regions (e.g. Motte et al. |2007| ) is also 
true in IRDCs: very massive cores (with M > lOOM©) are rare, 
and those that we do find are quite likely to be mid-infrared 
bright. While the sampling is not uniform, thus the errors on 
the fit are quite large, we find general agreement of the clump 
mass functions massive regions i n Ml 7 from|Stutzki & Guesten] 
(1990, a ~ 0.72,) and IRDCs in 'Ragan et al.|(|2009| a ~ 0.76), 




log M / Mo 

Fig. 13. The cumulative mass function of cores more massive 
than 1 M©. The total distribution of all cores is shown in blue 
solid line; the distribution of 24yum-bright cores is shown in 
the red dash-dotted line; the distribution of 24 yum-dark cores is 
shown in black dashed line. A simple linear regression was fit to 
each distribution, taking the functional form Ni> M) oc . For 
reference, on this scale, a Salpeter slope is a = 1.35. 



6.2. Mass - luminosity relationship 

At the earliest embedded stages, accretion luminosity is believed 
to dominate the total luminosity of a core, and with time, the 
contribution o f the protostellar luminosity grows ( Hosokawa &| 
Omukai [2009 ). In Figure 14 we show the relation between core 
mass and total luminosity of the population of cores presented 
in this work. For comparison, we also plot the positions more 
evolved objects: ult ra-compact HII (UCHII) regions from the 
Hunter et al.|pOOO|) sam ple and high-mass protostellar objects 



(HMPOs |Beuther et al.| |2002b| |2065a| ), believed to be the pre- 
cursor to UCHII regions. HMPOs and UCHII regions occupy the 
highest mass and luminosity part of the diagram, but also over- 
lap with the most luminous objects in our sample. We note that 
the masses and luminosities for the UCHII regions and HMPOs 
were measured over larger apertures than the PACS cores, thus 
their masses and luminosities are integrated over a larger region 
that includes both the protostar and its surroundings, potentially 
inflating the estimates of the mass and luminosity of the driving 
protostar. 

Based on em pirical accretion m odels by [Saraceno et al 



(1996) and Molinari et al. (2008), objects on this diagram 



though it shallower than the log-normal function to the IRDC 
fragments in Peretto & Fuller ( 2010| ) which follows a a ~ 2 
slope in this mass regime. 



move from the lower right to the upper left of this plot as 
they evolve. In this picture, our Herschel sources appear less 
evolved than HMPOs and UCHII regions, though the distinction 
is marginal. In Figure [14] we show a line of constant accretion 
rate, 10"^ M© yr"\ and show the associated accretion luminos- 
ity. Lace = GMMstarlRstar, whcrc wc assumc the radius of the 
accreting protostar, Rstar^ is 5 Rq and the accreting protostellar 
mass, Mstar^ is 0.1 times a given core mass (the quantity plot- 
ted on the X-axis). We show a spread of an order of magnitude 
in either direction, which can arise from higher accretion rates 
or variations in the assumed protostellar mass or radius. In ad- 
dition, the luminosity of more evolved objects (such as HMPOs 
and UCHII regions) will include a larger contribution from the 
protostar than the youngest objects, which is not included in our 
simple calculation. Detailed models of non-spherical accretion 
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Fig. 14. Core luminosity versus core mass. We make four categories of sources: "near" sources, which are closer than 4kpc, with 
either a 24 yum counterpart ("bright") or no 24 jim counterpart ("dark"), and "far" sources with the same bright/dark distinction. For 
co mparison, we plot i n orange triangles the Beuther et al. (2002b, 2005a) sample of high-mass protostellar objects (HMPOs) and 
the Hunter et al. (2000^ sample of ultra-compact HII regions in pink squares. With the black dashed line, we plot a line of constant 
accretion luminosity. Lace = GMMstar/Rstar, of 10"^Mq yr"\ assuming Mstar = O.lMcore and Rstar = 57?©, and the range indicated 
by the grey dashed lines on either side show ±1 dex variation. See Section[6!2lfor details. 



are needed (e.g. [Krumholz et al.| |2009[ |Kuiper et al.| |2010| ) to 

disentangle the growth of the most massive protostars. 



6.3. Evolutionary stage of cores 
6.3.1. 24yL/m counterparts 

Out of the 496 cores in our sample, 422 have complementary 
24 ^m data available. Of those 422 cores, 278 (66%) have coun- 
terparts at 24 yum. The appearance of a 24 yum counterpart has, 
to-date, been interpreted as a signpost for a loca l heating source 
dBeuther & Steinacker| |2007t [Beuther et aTl [2010), but the 
mechanism by which 24 jim escapes had not been determined. 
As we discussed above, unless an outflow of some kind clears 
away some of the outer dense core material, the high optical 
depth at 24 yum would prevent us from detecting a counterpart. In 
the following we explore the connection between the outer core 
properties, as probed by our PACS observations, and the pres- 
ence of a 24 yum counterpart. We note that the non-detection of a 
24 yum counterpart does not necessarily mean that there is no pro- 
tostar present because the geometry may be such that high opti- 
cal depth blocks the emission from the heated cavity. Therefore, 
some overlap between the "dark" and "bright" populations can 
be expected. 



In Figure 15 we examine the property distributions taking 
into account whether or not the core has a counterpart at MIPS 
24 yum. The median core temperature for near (far) dark cores is 
18.6 K (19.5 K) and 21.1 K (21.9 K) for bright cores. In addition, 
MIPS -bright cores tend to be more luminous, with the median 
value of 13 Lq (173 Lq) for near (far) MlPS-bright cores com- 
pared to 9 Lq (56 Lq) for near (far) MlPS-dark cores. The same 



trend holds for the masses, where near (far) MlPS-bright cores 
have a median mass of 3Mq (16 Mq) compared to the 2Mq 
(13 Mq) median for MlPS-dark cores. 

Figure [16] shows a PACS color-color diagram for each core 
detected in the three PACS bands. The color based on wave- 
lengths A and B is calculated as follows: 



[A] - [B] 



-2.5 losC-^) 



(4) 



We difl'erentiate between cores with and without MIPS lAjim 
counterparts in Figure In both colors, [70] - [100] and [100] - 
[160], 24yum-dark cores are redder (larger numbers in color 
space) than 24 yum-bright cores, though the two populations oc- 
cupy the same ranges in color space independently of distance. 
In Figure [16] we also plot the color distribution for an additional 
population of 312 candidate cores from our EPoS sample which 
appear only at 100 and 160yum. Since these cores only have two 
data points in their SEDs, we can not model their properties to 
the extent we have for cores detected in all three PACS bands. 
However, we have computed their [100] - [160] color, and we 
find that the colors are consistent with a yet colder (on average) 
population of cores than the 24yum and 70yum-bright cores. 

The uniformity of PACS colors for all cores confirms the idea 
that in the far-infrared, the emission is dominated by the cold 
core "envelope." Whether or not a core is detected at 24 yum may 
be a reflection of the more advanced evolutionary stage of the 
24yum-bright cores: one where the evolving protostar launches 
an outflow, exposing the warm inner regions, cores dark at 24 jim 
can also be protostellar, but aligned such optically thick material 
in the core obscures the 24 jim emission from our view, or they 
may be pre-stellar/starless with heating from an external sources 
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Fig. 16. PACS color-color diagram showing the 24yum-dark cores (red) and 24 yum-bright cores (black). All sources with high 
luminosities (L > 10^ Lq) are shown in green. The typical error is plotted in the lower-left corner. The right panel shows the 
distribution of [70] - [100] colors, and the upper panel shows the distribution of [100] - [160] colors for the 24yum-bright cores 
(red), 24yum-dark cores (black), and (in blue) cores for which no counterpart at 70yum was detected. 



(see FigurefTT]), or they are more deeply embedded and therefore 
obscured from view. 

The presence of a 24yum counterpart coincides with the 
warmer, more luminous, and more massive cores of the popu- 
lation, though the effect appears small. We see in Figure |9] that 
while the distance to a source affects our ability to detect low- 
mass and low-luminosity cores, we see no effective difference in 
the temperature range as a function of distance. If the existence 
of a 24yum counterpart is indeed the consequence of the later 
evolutionary state of the core, we expect that in more evolved 
cores, the outer core gas would have experienced the heating 
from the internal source, an effect which is also seen for the 
dense gas in IRDCs reported in [Ragan et al.| ( [20TT] ). Since we 
do not resolve the cores, we derive only the line-of- sight average 
core temperature, but the 1.5 to 2K increase in temperature in 
24//m-bright cores is similar to the gas measurements. To fully 
characterize the evolutionary differences in detail likely requires 
the inclusion of the near to mid-infrared data points with a full 
treatment of the optical depth effects. Such an undertaking is be- 
yond the scope of this paper but will be addressed in forthcoming 
work. 

Our ability to detect 24/im counterparts worsens with in- 
creasing distance, which in turn will cause our estimates of the 
frequency of 24/dm counterparts to be too low. Figure [17] shows 



the fraction of cores which are 24 yum-bright and 24 yum-dark as 
a function of distance. We calculate this fraction only for the tar- 
gets covered with MIPS observations. Because we become less 
sensitive to faint sources with increasing distance, we expect this 
to be an observational bias. 



The dashed line in Figure 17 shows how we would expect 
the fraction of 24 yum-bright to dark sources would fall off with 
increasing distance assuming distance was the only factor at play 
in hindering the detectability of counterparts. To make this esti- 
mate, we assume that the distribution of 24 yum fluxes and also 
the fraction of 24 yum-bright cores is representative of the sam- 
ple. We then project this subset of cores to each distance bin 
and compute the fraction that would fall below the flux detec- 
tion limit at that distance. This does not appear as a straight line 
because the fluxes are not smoothly distributed within the near- 
est bin. We confirm that the general trend can be explained as 
a observational bias. The fact that we detect a rise in the detec- 
tion frequency of counterparts is due to the very active regions 
(e.g. IRDC 18454 near W43) where the we find a large fraction 
of 24yum-bright sources. 

We cross-correlate our catalog with the young stellar object 
catalog by Robitaille et al. (2008) for the 27 IRDCs which are 
part of the GLIMPSE I and II datasets. Within a matching ra- 
dius of 10'', there are 40 objects in our sample that appear in the 
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Table 1. IRDC cores associations with EGOs 
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Fig. 15. Distribution of point source properties within "near" and 
"far" IRDCs (top and bottom of each panel, respectively). The 
top panel shows the temperature distribution; the center panel 
shows the luminosity distribution, and the bottom panels show 
the mass distribution. The black histogram shows objects which 
have no 24 jim counterpart, and the blue dashed histograms show 
the distribution of objects with a 24yum counterpart. 



Target 
Name 


ID from 
Table C.l 


Classificiation^ 


Reierence 


IRDCS 10.39-0.30 


2 


4.5yum-possible 


(1) 


IRDCOl 1.1 1-0.12 


8 


MIR-possible 


(1) 


T"P» T~V 1 1 

1RDC18182 


4 


MIR-possible 


(1) 




1 1 
i i 


4. 5yL/m- likely 


(1) 


IRDC019.30+0.07 


2 


G.R 


(2) 


IRDC028.34+0.06 


9 


G.R 


(2) 




17 


G.R 


(2) 




19 


G.R 


(2) 




21 


G.R 


(2) 


IRDC048.66-0.29 


4 


4.5yL/m-likely^ 


(1) 




6 


G.R 


(2) 



Based on the scheme presented in iCyganowski et al. I (120081 which 
used various criteria in the mid-infrared (MIR) and 4.5 jum IRAC band, 
and also noted the level of certainty. We also not the positions in 
[Chambers et al.| ( |2009| ) that coincide with "green fuzzy" (G.R) emis- 
sion. no 24 fim counterpart. 

References. (l) |Cyganowski et al.| ( [2008] ); (2) |Chambers"etaLH2009t 



Robitaille et al.| ( [2008] ) catalog, all but six of which are bonafide 
YSOs and not AGB contaminants (T. Robitaille, priv. commu- 
nication). All of the YSOs have 24yum counterparts and tend to 
have temperatures above the sample median (20 K). 

6.3.2. Other signposts of star formation 



Extended Green Objects (EGO) (Cyganowski et al. 20Q8| 



[Chambers et al.| [2009) are areas of enhanced diffuse emission 
in the "green" band (4.5 //m) of the Spitzer/IRAC camera. This 
is thought to be a result of shocked-H2 emission line which 
falls into that band ( [De Buizer & Vacca] |2010| ) or due to scat- 



tered continuum emission ( Takami et al. 2012 ). In the catalog of 



ICyganowskiltaLl ( [20081 ), five EGOs (in four I RDCs) are found 



within 10'' of a core in our catalog, and in the [Chambers et al. 
(j2009^ catalog, six "green fuzzy" (G.F.) regions in three IRDCs 
match with core positions. The matching cores and their EGO 
classification are given in Table [T] Ten of the eleven matching 
cores with EGO activity have a 24 yum counterpart, and their tem- 
perature range from 13 to 24 K. 

SiO emission is a well-known tracer of shocked gas, widely 
used to search for outflows originating from young stars. The 
targets in our sample have not been uniformly surveyed for 
SiO emission, therefore we can not say with statistical certainty 
whether SiO is associated with just 24yum-bright cores or not. 
Nonetheless, we compare our core catalog with the Beuth er & 
Sridharan] ( 2007| ) survey of SiO(2-l) emission overlaps with 12 



of the IRDCs in the sample (see Table |3]). Further follow-up 
observations of SiO(2-l) with the IRAM 30-m telescope have 
been performed on 8 additional IRDCs in a recent survey by 
fVasyunin a et al.| (2011) and (H. Linz, in prep.). These single 
point observations do not have sufficient resolution (28'') to re- 
solve the outflow structure, but we find that in 90% of the cases, 
the nearest core to the peak position of the SiO emission coin- 
cides with a core with a 24 yum counterpart. 

Cores which are bright at 24/dm appear to be (1) warmer, 
(2) consistent with YSO colors when detectable at mid-infrared 
bands, and (3) often in close spatial association with molecular 
outflow tracers. Unfortunately, a full sampling of all cores is not 
available or falls outside of the selection criteria of these sup- 
plementary surveys, so we can not quantify these trends. In any 
case, the catalog presented in this work provides an expanded 
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Fig. 17. In solid lines, we plot the fraction of cores which have 
a 24 yum counterpart (red solid line, triangles) and those without 
24 //m counterparts (black solid line, diamonds). We plot this 
fraction only for targets which have available MIPS 24 yum data, 
as indicated in Table |4] The dashed line represents how the frac- 
tion of 24 yum bright/dark cores would change if the cores in the 
nearest bin were placed in the progressively larger distance bins. 
The uptick at large distances of 24 yum-bright fraction is due to 
the particularly active IRDCs at these distances. 

range of conditions or evolutionary stages which can be further 
observationally explored. 

7. Discussion 

7.1. The nature of the cores 

We present a core (size ~ 0.05 to 0.3 pc) population for which we 
model the temperature, mass, and luminosity of the cold, outer 
shell of the core where the bulk of the mass resides. Despite not 
including the 24 jim flux density in our SED fits, the shells sur- 
rounding 24 yum-bright cores appear to be warmer than 24 yum- 
dark cores. In addition, previous surveys of YSOs and outflows 
show that these independent indicators of embedded star forma- 
tion tend to be coincident with 24yum-bright cores. While sup- 
plemental survey data are not uniformly available for the full 
EPoS sample, we are unable to show correlations with statistical 
significance. However, at face value, the warmer, 24yum-bright 
cores appear to be associated with more star formation activity 
than the colder, 24 yum-dark cores, and hence the 24 yum-bright 
cores could be in a more advanced evolutionary stage. 

We find a tight relation between the far-infrared flux and the 
core luminosity (see Figure [8]) which we would not expect if 
the flux was dominated by a stochastic external radiation field 
at PACS wavelengths. Still, at 24yum we find the largest scat- 
ter in the relationship where the influence of the external radia- 
tion fie ld is stronger ( Pavlyuchenkov et aL| 2012| ). Wilcock et al. 
( 2011| ) show that on larger scales (0.4 to 1 pc) temperature gra- 
dients due to enhanced interstellar radiation fields are important 
in modeling the SEDs of IRDC clumps. On the core scale, how- 
ever, the impact of embedded sources will be greater and the in- 
fluence of the external radiation field (at PACS wavelengths) will 
be more eff'ectively shielded by the high column density material 
in which the cores are embedded. 

The fits to the core temperatures are strongly peaked between 
15 and 25 K. Typical gas temperatures in IRDCs of the clouds 



on larger scales have been found to be between 8 to 17 K (e.g . 
Sridharan etlT) [20051 |Pillai et al.| |2006a[ [Ragan et al.| 0TT^ , 
based on measurements of the NH3(1,1) and (2,2) inversion tran- 
sition lines. A similar range is found in the dust temperatures 
(e.g. [Peretto et al.[ [2010[). Furthermore, high resolution mea- 



surements o f temperature in IRDCs ( Devine et al.[ [201 1[ [Ragan 



et al.| 2011[ ) show small scale enhancements of gas temperature 



near regions of active star formation, i.e. when 24 jim emission is 
present. Assuming the gas and dust are thermally coupled, which 
should be the case for the density regime of IRDCs ( G oldsmith) 
2001 ), the presence of protostars and gradual heating of the sur- 
roundings has already been observationally connected. 

Every line of evidence presented above suggests that at 
least cores with a 24 yum counterpart are protostellar. But what 
about the newly uncovered population of cores found only at 
70yum and longward? Such sources comprise 34% of our core 
catalog. Apart from the higher median temperature associated 
with 24yum-bright sources, there is little diff'erence between the 
masses and luminosities of 24 yum bright and dark sources. Are 
they objects at an earlier evolutionary stage, or are they at the 
same stage but we are somehow biased against detecting 24 jim 
counterparts for some sources? 

As we discussed above, the detection of 24 yum counterpart 
is possible if our line of sight permits us to peer into a cav- 
ity formed by outflowing material to view emission from warm 
dust near the central source. Cores dark at 24 jjm can still con- 
tain protostars, but by chance our line of sight does not include 
the warm dust emission. Alternatively, they may be starless with 
some degree of external heating by the ISRF or a neighboring 
source. The 24 jim data alone can not tell us which is the case 
for a given dark source. ( A rce et al.[ [20071) show that massive 
protostars can carve a large variety of cavities in their host core, 
so it is difficult to rule out either scenario based on the present 
statistics. Here, we instead turn the correlations seen in the cold 
outer core to inform our understanding of the 24 yum-dark cores 
which comprise 34% of our sample. 

The warmer outer-core temperatures associated with 24 yum- 
bright cores supports the interpretation that they are more 
evolved than 24 yum-dark cores. Because of the observational is- 
sues mentioned above, there is unavoidable overlap such that 
protostellar cores are not detected at 24 jim. The idea that 24 yum- 
bright cores are in a more advance e volutionary stage than 
24 yum-dark has been suggested before in [Chambers et al.[ ( [2009[ ) 
when considering the correlation between 24yum-bright cores 
and outflow signatures. Further observations and modeling of 
evolving massive cores, and their indirect signatures, would be 
useful in determining the underlying paradigm of the SEDs we 
observe. 

An interesting population of cores is worthy of further study: 
those cores which are detected at lOOyum and 160yum, but not at 



lOfim or 24yum. We infer from their red colors (see Figure 16) 
that they are yet colder sources than the PACS cores we present 
here. However, since the SED only has these two fluxes and be- 
cause the contamination with artifacts may be higher, we can 
not model them in the same way and do not present the catalog 
in this paper. Further studies at high-resolution at long wave- 
lengths are needed to confirm whether these are indeed cold 
cores. Again, from our simple approximation (see Figure [TT]) 
it is unlikely that such cores contain protostars, and thus they 
potentially represent the elusive prestellar stage of massive pro- 
tostars. 
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Fig. 21. [24] - [70] vs. [70] - [160] color-color diagram includ- 
ing only cores for which lAjim counterparts exist (black). The 
high-luminosity sources (L > IO^Lq) are indicated in green. The 
typical error is plotted in the lower-left corner. Since very bright 
sources often saturated the MIPS 24 //m detector, additional data 
points extracted from the IRAS point source catalog at 25 yum 
(red diamonds) and the MSX point source catalog at 21 [im (blue 
triangles) were used in lieu of a MIPS 24 [im data point in this 
plot. Note that both the IRAS and MSX fluxes were integrated 
over significantly larger areas corresponding to the beam of the 
respective telescopes. 



7.2. The most extreme cores 

Within the sample there are 30 cores with luminosities greater 
than 10^ Lq and 32 objects which have masses greater than 
1 00 Mq, with 25 objects overlapping from those subsets. Only 
one core out of the 32 cores above 100 Mq lacks an IRAS or 
MIPS 24yum counterpart. All of the cores with L > 10^ Lq have 
IRAS and/or MIPS 24/dm counterparts. 

The most luminous cores are not distinct in the PACS color- 
color diagram (Figure [16]). In Figure [2T] we show the [24] - [70] 



versus [70] - [160] color-color diagram, in which we highlight 
the cores with L > IO^Lq. Here we supplemented the 24 jim data 
points with IRAS or MSX archival data at 25 yum and 21 yum, re- 
spectively, because often very luminous cores saturate the MIPS 
detector. We find that the luminous cores are also not distinct in 
this color space. In other words, while these cores span several 
orders of magnitude in luminosity, their spectral shape is fairly 
uniform. 

In Table |2j we list the cores above 50 Mq that lack a 24 yum 
counterpart. In Figures 18 and 19 we show the MIPS 24yum 
image and PACS lOOyum image of these four 24yum-dark cores 
which are above 50 Mq based on our SED models. These 
sources have dust temperatures between 12 and 17 K and lumi- 
nosities from 37 to 354 Lq. In all cases, they are found in the 
immediate vicinity of cores with a bright 24 yum emission source. 
In Figure 20 we show that the diff'use emission, likely due to the 
nearby source (in some cases HMPO) hampers our sensitivity 
to 24yum counterparts for the neighboring cores we feature in 
Figures [18] and [19] 



7.3. Environment of cores 

For 44 of the 45 targets, there are sub-millimeter maps which 
we have used to estimate the total cloud mass from either 
the ATLASGAL survey, SCUBA archival maps, or published 
MAMBO 1.2 mm maps (see Section [2X2] and Table [3]). We 
compute total cloud masses (Mdoud) using these data assuming 
a single dust temperature of 20 K, as we do not yet have dust 
temperature maps for the large-scale emission in our sample in 
order to take into account temperature gradients. We will revisit 
this added complexity in forthcoming work. 

In Figure [22] we show the mass found in cores as a function 
of total cloud mass. Clearly, in the clouds of higher mass, there 
is also more mass in cores. The ISOSS sources are more iso- 
lated and, based on the limited SCUBA observations, they have 
smaller gas reservoirs, which implies that they will likely form 
lower-mass clusters than the IRDCs. Interestingly, the median 
fraction of total core mass to total cloud mass is relatively con- 
stant at about 10% for all 44 clouds considered. 

The 496 cores we report here are not evenly distributed 
across the sample, with some clouds hosting just one core meet- 
ing our criteria, and others hosting over 30. We use a minimum 
spanning tree algorithm (e.g. |Billot et al. 2011 ) to compute the 
mean projected core separation for each cloud. Average over the 
sample, the mean separation is roughly 0.5 pc. We note, however, 
that because of the strict criteria of our point source extraction, 
this is certainly an underestimate of the ubiquity and proximity 
of cores of varying characteristics and evolutionary stages. 

What is the diff'erence between IRDCs and ISOSS sources 
in terms of their core properties? There are a total of 53 cores 
in the 16 ISOSS targets in our sample (average 3 per ISOSS tar- 
get), while there are 448 cores in the 29 IRDCs (average 12 cores 
per IRDC). In Figure 23 we show the distributions of core prop- 
erties for the IRDC cores and ISOSS cores. There is no major 
distinction between the populations, only that the median tem- 
perature of ISOSS cores is higher by ~2 K compared to just the 
IRDC cores, which is not surprising since most of the ISOSS 
cores are also 24 yum-bright cores, which show a similar median 
shift compared to the 24 yum-dark population (see Figure 15 ). 

As shown in Figure[5] the ISOSS sources are our main probe 
of the outer Galaxy, where the ambient radiation field is lower 
than in the active Molecular Ring. Still, the cores found in ISOSS 
targets have higher temperatures and luminosities than average, 
but essentially the same core masses. Figure [24] shows again the 
core colors, this time distinguishing between IRDC and ISOSS 
cores. Here the ISOSS cores are quite confined to blue colors. 
This implies that the ISOSS cores are not as heavily embedded 
objects, or that they are more evolved cores. 



8. Conclusions 

We present an overview of the first results of the Earliest Phases 
of Star Formation survey with Herschel, focusing on the sample 
of 45 high-mass regions. The goal of the work presented here 
is to present the EPoS sample of IRDCs and ISOSS sources as 
a whole and profile the population of unresolved point sources, 
which we call cores, within them. We use PACS point source flux 
densities to construct and fit modified blackbodies to the spectral 
energy distributions of each core and use the fit to estimate its 
temperature, luminosity, and mass. The main results of this work 
are as follows: 

- We extract 496 point sources in the 45 IRDC structures in 
our sample. Their sizes range from 0.05 to 0.3 pc, which 
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Table 2. Most extreme cores 



Source 
name 


Index^ 


RA (J2000) 


Dec (J2000) 
C:':") 


Temperature 
(K) 


Luminosity 


Mass 
(Mo) 


Remark 


IRDC 18454 


10 


18:47:49.5 


-1:55:27 


17 


354 


138 




IRDC18182 


22 


18:21:22.9 


-14:33:02 


12 


37 


89 




IRDC028.34 


18 


18:42:51.2 


-3:59:24 


16 


110 


53 




IRDC 18223 


9 


18:25:11.2 


-12:41:48 


17 


157 


51 


beside IRAS 18223- 1243 


From TablelC.ll 




o 33'00' 



51s 50s 49s 18h47m48s 
RA (J2000) 
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1 
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Fig. 18. Left panels show the MIPS 24 jim image and the right panels show the PACS 100 yum image of the most massive cores with 
no 24yum counterparts which are listed in Table |2] The top row is core 10 in IRDC 18454 (estimated 138 Mq), and the bottom row 
is core 22 in IRDC18182 (estimated 89 Mq). The psf of Herschel at 100 yum, rotated in the sense of the scan direction, is shown in 
the lower-right corner of the right-hand panels. The blue circles indicate the position of the massive core in both the MIPS 24yum 
and PACS 100 yum image. 



are cons istent with "cores" in th e global context of star for- 
mation ( Bergin & TafaIIal|2007| ). We model the SED of the 
cores based on the 70, 100, and 160 yum point source fluxes. 
We find a wide range in core luminosities (0.1 to 10^ L©, me- 
dian 16 Lq) and masses (0.1 to a few 10^ M©, median 4 Mq). 
The dust temperatures range from 13 to 30 K (median 20 K). 
The fluxes at 70, 100, and 160yum are good predictors of the 
core luminosity, with the tightest correlation at 160yum. We 
perform simple radiative transfer models which show that in 
cores housing protostars, emission at these wavelengths are 
determined mainly by the internal source properties. For star- 
less cores, our models show that an amplified external radi- 
ation field can cause emission at these wavelengths to reach 



levels found in protostellar cores. Further work is needed to 
determine the eff'ects of protostars with various parameters 
and that of anisotropic heating from neighboring sources. 
- Most (66%) of the cores have a counterpart at 24 yum. Cores 
with 24yum counterparts tend to be marginally more mas- 
sive and more luminous on average than their 24yum-dark 
brethren. To the extent which other surveys (e.g. Spitzer and 
molecular line observations) overlap with our sample, we 
find that the pre-existing evidence for star formation activ- 
ity (e.g. YSO colors, outflow activity) almost always coin- 
cides with the presence of a 24 [im counterpart, leading us 
to conclude that such cores contain protostars. Cores with- 
out a 24 yum counterpart may also harbor protostars, but have 
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Fig. 19. Left panels show the MIPS 24 jim image and the right panels show the PACS 100 yum image of the most massive cores with 
no 24 yum counterparts which are listed in Table[2] The top row is core 18 in IRDC028. 34+0.06 (estimated 53 Mq) , and the bottom 
row is core 9 in IRDC 18223 (estimated 51 Mq). The psf of Herschel at 100 yum, rotated in the sense of the scan direction, is shown 
in the lower-right corner of the right panels. The blue circles indicate the position of the massive core in both the MIPS 24 fim and 
PACS 100 yum image. 



not yet been probed for supporting evidence for embedded 
sources, or they may be starless cores with some level of ex- 
ternal heating. Our radiative transfer models show that exter- 
nal heating is unlikely to account for the 24yum emission. 
In order to detect a 24yum counterpart, the inner core re- 
gion containing the warm dust heated by an internal protostar 
must be exposed via a protostellar outflow clearing a cavity 
in the outer pare. This leads us to conclude that when 24 yum 
counterparts are detected, it is because a core is in a more 
evolved state. 

- Cores that have a counterpart at 24 jim are warmer on av- 
erage than cores without a 24 jim counterpart. We conclude 
that while the mass and luminosities of these two popula- 
tions are similar, the warmer cores have protostars that have 
heated a larger volume of dust within the core, which mod- 
erately increases the average core temperature traced by the 
PACS observations. We find that cores with larger fluxes at 
24 yum tend to have higher outer-core temperatures. Warmer 
cores also correspond to "bluer" colors on the PACS color- 
color plot ([70] - [100] vs. [100] - [160]). 

- In addition to the 496 cores cataloged in this paper, we find 
an additional 312 candidate cores which appear only at 100 
and 160yum. We can not model these cores because the SED 



is too poorly constrained, but we find that their [100] - [160] 
color is consistent with yet colder dust temperatures, thus 
these may represent an evolutionary stage prior to protostel- 
lar formation. 

- The cores are warmer than typical temperatures of large- 
scale cloud structures in which they are embedded. We con- 
clude that at PACS wavelengths, the core fluxes are due to 
the efl'ects of internal heating sources and heating from the 
external radiation field does not play a significant role. We 
emphasize here that since we probe on core scales where the 
cores are embedded in high column density structures which 
shield them from the ambient radiation field. Further mod- 
elling of the dust temperature and column density structure 
on the "clump" and "cloud" scales will enable us to deter- 
mine more precisely on what scales temperature gradients 
caused by external heating play an important role. 

- Cores within ISOSS sources tend to be 24 yum-bright and less 
massive than cores in IRDCs. They serve as our probes of 
cores in the outer Galaxy, where we are biased against find- 
ing "dark clouds" in the same sense as IRDCs in the inner- 
Galaxy. As molecular gas is known to be more concentrated 
in the inner Molecular Ring of the Galaxy, these sources of- 
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Fig. 20. SEDs of massive cores from Eigure 18 (left column) and Eigure 19 (right column). The diamond plotted at the 24yum 
position represents an estimate of the local diffuse 24 jim emission due to a nearby bright region. No 24 jim counterpart is reported 
for any of these sources, but the diffuse emission hampers our ability to detect counterparts for these cores. 
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Fig. 22. Total mass found in cores versus the total mass of a given 
cloud, distinguishing between cores found in IRDCs (green) and 
ISOSS sources (red). 



further interpretation of the EPoS data, which will include a full 
treatment of the radiative transfer from the small to large scales. 
Euture work will also address the detailed large-scale structure in 
dust temperature and column density, which together can better 
characterize the environments of the embedded cores. 
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fer unique insight into the early phases of isolated "massive" 
star formation. 

The legacy of the EPoS data will reach far beyond the 
overview presented here. In this paper, we focus on the core pop- 
ulation, much of which was until now completely obscured by 
heavy extinction. These embedded cores will play a role in the 
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Indicates which publication the v^r was taken and used for distance determination. 
Computed with SCUBA 850 jjim data. 
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[Matthews et al. (2009); (18) Henning et al. (2010); (19) Sridharan et al. (2002); (20) Sridharan et al. (2005); (21) Beuther & Sridharan (2007|; 
(22) Rathborne et al. (2006); (23) Beuther et al. (2010); (24) Devineetal^(2011 ); (25) Wang et al. (2008); (26) Zh ang et aL|((2009|); (27) Beuther] 
I^Henning (2009); (28) Ormel et al. (2005 ); (29) van der Wiel & Shipman (2008); (30) Redman et al. ( 2003); (3T)|Sunada et ari ( [2007); (32) 
Birkmann et al. (2006); (33) Hennemann et al. (2009 ); (34) Hennemann et al. (2008 ); (35) |Krause| ( |2003| );l36) lKrause et aL| ( |2003| ); (37) |Kerton| 
( ,2002 J ; (38) .Kumaretal., ( ,2006j ; (39) . Birkmann et al., ( ,2007i ; (40) Kerton & Brunt, ( .20031 ) 
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Table 4. Observation details 



Source 


R\CS 


SPIRE 


PACS 


SPIRE 


MIPS 


remark 


name 


Obs ID 


Obs ID 


map size 


map size 


avail? (1) 


(2) 








CxO 


CxO 






HMSC 07029-1215 


134218554(3-6) 


1342204850 


6x6 


9x9 


Y 


MIPS:20635; SDP:1342186115 


IRDC 310.39-0.30 


13421888(57-60) 


1342189513 


6x6 


9x9 


MG 




IRDC 316.72+0.07 


134220337(3-6) 


1342189514 


7x7 


9x9 


MG 




IRDC 320.27+0.29 


134218939(0-3) 


1342189515 


6x6 


9x9 


MG 




IRDC 321.73+0.05 


13421895(88-91) 


1342189516 


7x7 


9x9 


MG 




IRDC 004.36-0.06 


13421935(18-21) 


1342192056 


6x6 


9x9 


MG 




IRDC 009.86-0.04 


134220429(6-9) 


1342191190 


6x6 


9x9 


MG 




IRDC 010.70-0.13 


134219180(1-4) 


1342192057 


lOx 10 


9x9 


MG 




IRDC 011.11-0.12 


134218555(5-8) 


1342204952 


6x 12 


9x 12 


MG 


SDP:1342186113 


IRDC 18102 


134221753(4-7) 


1342192061 


6x6 


9x9 


MG 




IRDC 013.90-0.51 


134219180(5-8) 


1342192062 


10 X 10 


9x9 


MG 




IRDC 015.05+0.09 


13422070(57-60) 


1342192063 


6x6 


9x9 


MG 




IRDC 18151 


134219181(3-6) 


1342191188 


6x6 


9x9 


N 




IRDC 18182 


13421918(09-12) 


1342191189 


7x7 


9x9 


MG 




IRDC 18223 


13421855(59-62) 


1342204951 


14x4 


14x4 


MG 


SDP:1342186112 


IRDC 019.30+0.07 


13422177(67-70) 


1342192064 


6x6 


9x9 


MG 




IRDC 18306 


134221905(6-9) 


1342192066 


6x6 


9x9 


MG 




IRDC 18308 


134221905(2-5) 


1342192065 


6x6 


9x9 


MG 




IRDC 18310 


134221906(0-3) 


1342192067 


6x6 


9x9 


MG 




IRDC 18337 


134221906(4-7) 


1342192068 


6x6 


9x9 


MG 




IRDC 18385 


134221907(0-3) 


1342192070 


6x6 


9x9 


MG 




IRDC 028.34+0.06 


134221660(3-6) 


1342192071 


7x7 


9x9 


MG 




IRDC 18437 


134220903(3-6) 


1342192072 


6x6 


9x9 


MG 




IRDC 18454 


13421918(19-22) 


1342192073 


6x6 


9x9 


MG 




IRDC 18530 


13422090(29-32) 


1342192074 


6x6 


9x9 


MG 




IRDC 19175 


134219354(6-9) 


1342192075 


6x6 


9x9 


MG 




IRDC 048.66-0.29 


134219349(2-5) 


1342192076 


6x6 


9x9 


MG 




IRDC 20081 


13421877(67-70) 


1342187653 


6x6 


9x9 


N 




IRDC 079.31+0.36 


134218779(5-8) 


1342187718 


6x6 


9x9 


Y 


MIPS:219,40184 


ISOSS J04225+5150 


134219101(0-3) 


1342191185 


6x6 


9x9 


N 




ISOSS J061 14+1726 


134220423(2-5) 


1342192094 


6x6 


9x9 


N 




ISOSS J06527+0140 


13422043(09-12) 


1342193795 


6x6 


9x9 


N 




ISOSS J18364-0221 


134218556(3-5) 


1342204950 


6x6 


9x9 


MG 


SDP:1342186111 


ISOSS J19357+1950 


134219349(6-9) 


1342187526 


6x6 


9x9 


MG 




ISOSS J19486+2556 


13421977(59-62) 


1342187652 


6x6 


9x9 


MG 




ISOSS J19557+2825 


134218775(5-8) 


1342187527 


6x6 


9x9 


MG 




ISOSS J20093+2729 


134218776(3-6) 


1342188092 


6x6 


9x9 


N 




ISOSS J20153+3453 


134218775(1-4) 


1342188093 


6x6 


9x9 


N 




ISOSS J20298+3559 


13421877(47-50) 


1342188094 


6x6 


9x9 


Y 


MIPS:20444 


ISOSS J21311+5127 


134218777(1-4) 


1342187654 


6x6 


9x9 


N 




ISOSS J22164+6003 


134218700(3-6) 


1342186128 


10 X 10 


9x9 


Y 


sdp; MIPS:50398 


ISOSS J22478+6357 


13421878(09-12) 


1342187719 


6x6 


9x9 


N 




ISOSS J23053+5953 


134218781(3-6) 


1342187720 


6x6 


9x9 


Y 


MIPS:20444 


ISOSS J23129+5944 


134218806(3-6) 


1342188688 


6x6 


9x9 


N 




ISOSS J23287+6039 


134218810(2-5) 


1342187721 


6x6 


9x9 


Y 


MIPS:30571 



MG = MIPSGAL or MIPSGAL2 , Y= MIPS data from another project, N= no MIPS data available 



SDP:xxxxxxxxxx = partial SPIRE maps done during the Science Demonstration Phase. MIPS:xxx = Spitzer program ID when MIPS 24 /im 
was not covered by MIPSGAL. 
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Appendix A: Individual target descriptions 



Peretto & Fuller|(|2009| find nine fragments within this IRDC. 



IRDCs were discovered and subsequently named based on their 
appearance in absorption against the bright Galactic background 
at 8 yum and 15 yum based on Galactic plane surveys almost two 
decades ago. The follow-up studies focused on IRDCs which 
were largest and most easily identifiable in contrast: those ly- 
ing in the inner Galaxy. Because most millimeter facilities at the 
time were located in the northern hemisphere, detailed work was 
done preferentially on IRDCs in the first quadrant of the Galaxy, 
which is reflected in the fact that much of our selection of "well- 
studied" sources are found in the first quadrant. For the EPoS 
sample, we selected IRDCs from these various surveys, favor- 
ing the targets that are relatively nearby (d < 5 kpc). They are 
denoted as IRDC LLL.LL-B.BB in our catalog, where "L" and 
"B" are the Galactic longitude and latitude. 

Another strategy utilized in selecting IRDCs takes advan- 
tage of the fact that high-mass star formation is known to oc- 
cur in a clustered mode, and there is ample evidence for trig- 
gering of several generations of high-mass star formation (e.g. 
Deharveng et al.| 2010| ), thus a portion of our sample is com- 



IRDC 011.11-0.12: This was one of the first IRDCs subject to 



intense study in the li terature, first in the infrared ([Carey et al. 
1998 ), the millimeter (Carey et al. ','2000^ Johnston e et al.||2QQ3f , 



and in molecular line emission (Pillai et al. , 2006a|b]). The fila- 
ment is about 10 pc long consisting of over 1800 Mq (from 8 iim 
extinction measurements), and the bulk of the gas has an average 
kinetic temperature of 12 K. 

This object was obs erved as part of the H erschel science 
demonstration phase, and |Henning et al. ( 2010| ) present the con- 
tinuum properties of the pre- and proto- stellar cores uncovered 
at PACS wavelengths. 



IRDC 013.90-0.51: [Peretto & FuIIer| ([20091) identi f y this 
object as a Spitzer dark core, and Vasyunin a et al.[ (|2009| 
perform 1.2 mm continuum observations showing it breaks 
into four main peaks. The southern-most source (P3) showed 



double-peaked molecular line profiles in Vasyunina et al. (2011 



prised of infrared-dark regions found in millimeter surveys near 



indicating either the presence of two components superimposed 
along the line of sight or internal motion within the cloud. 



known high-mass protostellar objects (HMPOs Sridharan et al 
|2QQ2l [Beuther et alT| |2002a|b|c|d[ ). [Sridharan et al.| ( |2005[ ) cof- 
related the 1.2 mm bolometer data from a well- studied HMPO 
sample with the corresponding MSX mid-infrared data. Within 
the 69 studied fields they fou nd 56 ga s clumps with associated 
mid-infrared shadows (Sridharan et al.[[2005 ), most of them with 
masses in excess of several lOOM© and temperatures on the or- 
der of -15 K dSrid haran et al.[ [2005[ ). Eollow-up observations 
revealed outflow activity - indicating already ongoing early star 
formation - in -40% of the sources, and dense gas abundances 
(e.g., CH3 QH and CH3CN) are similar to those of low-mass star- 
less cores ( jBeuther & Sridharan} [2007] ). 

Using the 170 //m ISQPHQT (jLemke et aL| |1996[ ) [ifar''( 2006a) confirm this morphology in NH3 emission, find 



IRDC ()75.()5+a()9.' [Hennebelle eTaL] ( [200T] ) and [Teyssier etaL 
(2002) identify this object as one of the most opaque objects, 
which results in depletion of the CO isotopomers onto the dust 
grains. [Rathborne et al.[ ([20Q6) find that this IRDC, with a total 
mass of 158 Mq, resolves into five 1.2 mm flux peaks with 
mas ses of 1 05, 83, 22, 43, and 29 M©, assuming 15 K dust. 
Wa ng et al.|p0 06 ) report water maser associated with MMl (of 
[Rathborne et al.l|2006D . 



IRDC 019.30 +0.07: This source was targeted in [Carey et al. 



(1998 2000) detected in H2CO and SCUBA 450/850 //m 



surveys, indicating two main spatial peaks in emission. [Pillai] 



Serendipity Survey (ISQSS [Bogun et al.[|1996[ ), we selected 16 



candidates for massive (M > 100 Mq), cold {T^ust < 18^) ob 
jects based on preliminary studies ([Krause et al. 



[Birkmann et al.| r2007 ). Eor these sources, the naming convention 
derives from the EK5 (J2000) coordinates, r and J, represented 
as ISOSSJrrrrr+dddd. As shown in Figure [T] these objects rep- 
resent the bulk of the objects from the outer Galaxy, which will 
have characteristically lower infrared background emission. The 
ISOSS sample has a large range in distances, but the median dis- 
tance, 3.52 kpc, is only slightly higher than the median distance 
of the sample, 3.23 kpc. 

IRDC 004.36-0. 06: [Hennebelle etaL] ( [2Q0lT ) first identified this 
source as a p eak in the extinction from ISOGAL observations. 
Teyssier et al. (2002) detect ^^CO and strong C^^O emission 



gas temperatures of 18.4 and 14.3 K, and masses of 893 and 

823 Mq for these regions. [Rathborne et al.[ ( [2006[ ) find a total 

2003 1 [2004[ mass of 3168 Mq for the entire complex, though much lower 
masses (113 and 11 4 Mq) for the two respective peaks. Finally, 



Devine et 
in four NH3 



al. ( [201 1[ ) find a total mass of 1 130 Mq, concentrated 
l3 clumps. 



IRDC 028.34+0.06: Of all the sources in [Carey et aL] ( |2QQQl ), 
IRDC028. 34+0.06 shows the strongest submillimeter emission 
(in two primary peaks at 450 and 850yum) and, thus, has 
the greatest estimated mass (up to several hundre d Mq each 
depending on the choice of dust emissivity index, yg). [Pillai et al. 



associated with this sources. 



IRDC 009.86-0.04: Another inner-Galaxy object from 



Hennebelle et al. (2001 ) that exhibits strong CO emission in 
Teyssier et al.[ P002) . Ragan et al.[ ( [2006| ) conducted further 
molecular studies on this IRDC, detecting N2H^ ( 1-0) and 
widespread CS(2-1) emission at the same velocity as Teyssier 
etaLl ([2002l). [Ragan et al.[ ([ 2QQ6 |) find a cloud mas s of 1500 Mq 
based on the integrated map of N2H^ emission. Ragan et al. 
(2009]) present Spitzer observations of this cloud. There are 31 



( 2()06a) examine this source, here resolving into five subregions 
in NH3 emission, with temperatures ranging from 13.2 to 16.6 K 
and total mass of 4263 Mq (from ammonia measurements). 
Observations by ' Rathborne et al.] ( |2006j ) at 1.2 mm find a total 
cloud mass of 15895 Mq (the most massive in their sample) and 
resolve this target in to 18 peaks. In three of those peaks (MM4, 
MM6, and MM9 ), [Wang et 3T] ( [2006[ ) detect water maser s. 
Wang et aL] ( [2008[ ) perform high resolution observations in NH3, 



linking the presence of embedded protostars to the enhancement 



of linewidth and an increase in rotation temperature. [Zhang et al. 



2009[ ) obtain SMA continuum and spectral line observations, 



YSOs in the vicinity of this cloud, two of which are classified in 
the earliest embedded phase. 



IRDC 010.70-0.13: [Carey et al.] ( [2000t conduct continuum 
observations of this target and find a bright, compact source. 



further resolving the dominant cores into multiple substructures. 

IRDC 048.66-0.29: Situated close to the GMC complex W51, 
this IRDC was targeted fo r SCUBA 450 and 850yum and 
HCO+(3-2) observations by [Ormel et°aL] ( [2005| . They found 
that (at the resolution of the JCMT) this IRDC broke into three 
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cores (PI, P2, and EP) near 100 M© each, and the line data 
show that (intermediate mass) star formation is ongoing within 
the cores. Rathb orne et al.| ( [200 6) surveyed this IRDC with 
1.2 mm continuum observations, reporting a total cloud mass 
of 917 M© for the cloud and 52 and 39 M© masses for the 

( |2005| ), though the core 



dark c ores reported in 
sizes inlRathbome et al. 



Ormel et al. 



( [2006 ) are considerably smaller, which 



could account for the difference. The star forming properties 
were studied in detail with Spitzer in [van der Wiel & Shipman| 
(2008), in which 13 YSOs were identified near the cloud. The 



Spitzer observations also resolved PI (from |Ormel et al. ( 2005)) 
into two peaks, but found the star formation properties to be 
consistent. 

IRDC 079.31+0.36: This IRDC is among the near e st in our 
sample and was first observed by [Carey et al.| ( [20QQ| ). [Rednmi 
et al.| ([2003) characterize the ongoing s tar formation in this 
IRDC which may have been triggered. Pillai et al. (2006a]) 
find high column densities (> 10^^ cm '^) and gas temper- 
tatures between 12 and 15 K in this region. This object was 
included in the SCUBPOL legacy survey Matthews et al. ( 2009). 



IRDC J7aJ9-am' |Vasyunina etaL] ( [20091 ) find the millimeter 
continuum emission peak coincides with the absorption peak in 
the mid-infrared, from which they estimate the mass is 1320 M©. 
The continuum peak is stronger in the MIR dark source than for 
the nearby MIR-bright source, indicating that this IRDC could 
contain a range of evolutionary stages. The MIR-bright sources 
are included in the |Cyganowski et al.| ( |2008 ) EGO catalog, and 
Vasyunina et al. (!2011) detect weak SiO emission in this IRDC. 
IRDC 316.72+0.07: This object hosts a small cluster of embed- 
ded infrared sources and has a mass between 400 and 950 M© 
derived from Syum extinction (Linz et al. 2007|, or 561 M© 
based on 1.2 mm emission. 

IRDC 320.27+0.29: This cloud is comprised of a compact 
eastern component and an elongated western cloud, which 
are 50 and 7 M©, respective ly, based on 1.2 mm continuum 



observations (Vasyunina et al. 2009). Molecular line emission 



observed by | Vasyunina et al.| ( |26ll| ) is weak 



IRDC 321.73+0.05: T wo main clumps o f approximately equal 
mass (about 100 M© Vasyunina et al. 2009| ) comprise this 
IRDC. The eastern source, with a column density of 3.2 x 
10^^ c m~^, shows a weak source at 24yum, yet Vasyunina et al. 
([201 1|) detect SiO and asymmetric HCO^ emission, indicating 



the presence of a shock and inflowing gas, both indicators of 
star formation activity at an early stage. The western source also 
exhibits multiple peaks in the molecular line emission attributed 
to complex internal motions throughout the cloud. 

HMSC 07029: The clump HMSC07029 (a.k.a. UYSO 1) had 
been recognised as a distinct peak in a (sub-)millimeter survey 
of mas sive protocluster-cores in the outer galaxy by jClein et al.| 



( 2005| ). It is a distinct intermediate-mass core clearly off'set 



from the neighboring IRAS source 07029-1215 which in the 
pre-Spitzer era was just detectable at wavelengths > 450yum 
citepForbrich2004. However, strong CO outflow a ctivity is 
also associated with this core. [Forbrich et al.| ( |2009| ) collected 
more data on this source and revealed an impressive system of 
crossed shocked emission jets apparently emanating from 
the core which in Spitzer 70 jim images was 10'' ofl'set from the 
interferometric position in the millimeter. Our EPoS Herschel 
data could eventually disentangle the 70yum peak position 



which is coinciding with the interferometric position, from the 
surrounding extended PDR emission. More details about this 
e nigmatic region are given in our A&A special issue paper 
( jLinz etal.|[j&TQl ). 

IRDC 18102: Although originally selected as a high-mass 
protostellar object (HMPO), the singular 1.2 mm continuum 
peak dB euther et al. 2002b| ) in this regions turns out to be 
mid-infrared dark in MSX and ofl'set by less than V from an 
infrared-bright and centimeter-bright ultracompact Hii region. 
SiO emission, known to be associated wit h molecular outflows, 
is reported in Beuther & Sridharanl ([2007 ) associate with the 
millimeter continuum peak. Since the infrared-dark and bright 
regions are in so close proximity, interaction between the 
difl'erent evolutionary stages is expected. 

IRDC 18151: The name-giving IRAS 18151-1208 is a well- 



known high-mass outflow-disk region (Davis et al. 2004 1 



Fallscheer et al.[ 2011|. In the vicinity of this active site, one 



finds two similarly massive gas-clumps of which the one is 
8 yum-dark and hosts a H2O maser ( Beuther et al.[|2002d| . 



IRDC 18182: The central IRAS 18182-1433 is a well-known 



"hot core"-type high-mass star-forming region ( Zapata et al. 
2006[ |Beuther et al.| |2006| ). The infrared-dark gas-clumps are 



found approximately 2' to the southeast and northeast. 

IRDC 18223: This filamentary dark cloud is located directly 
south of the luminous IRAS 18223-1243. The region contains 
regions is several evolutionary stages, from IRDCs with already 
embed ded ongoing star formation (e.g . IRDC 18223-3 Beuther[ 
et alj |2005bl [Beuther & Steinackerl [20071 jFaUscheer et~alT 
2009) to potential ly real high-mass starless cores that are even 
dark at lOjim (Beuther et aLl|2010| ). 

IRDC 18306: About T off'set to the northeast from the central 
IRAS 18306-0835 we find filamentary infrared-dark structures 
that are associated with millimeter continuum emission, broken 
into three main 1.2 mm peaks. 

IRDC 18308: Again we find filamentary, mid-infrared dark mil- 
limeter continuum structures extending from IRAS 18308-0841 
toward the north and containing five main 1.2 mm peaks. 

IRDC 18310: This region hosts Hii region, IRAS 18310-0825, 
a compact mid-infrared-dark filament, totalling five distinct 
millimeter continuum peaks. 

IRDC 18337: This region contains three strong 1.2 mm con- 
tinuum sources that appear to be laid out in a linear structure. 
While the IRAS 18337-0743 has strong mid-infrared emission, 
the second source is still - although weaker - mid-infrared 
bright, and the third source is mid-infrared dark. This region is 
likely a particularly good candidate to investigate sequential star 
formation. 

IRDC 18385: A T millimeter continuum filament stems from 
IRAS 18385-0512, and an isolated infrared-dark globule lies to 
the south east. 

IRDC 18437 : This region contains a chain of millimeter con- 
tinuum sources, including IRAS 18437-0216, in approximate 
north-south direction with diff'erent degrees of associated 
mid-infrared emission. Polarized sub-millimeter continuum 
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emission is observed by Matthews et al. ( |2009 ). 



IRDC 18454: This complex of several millimeter continuum 
sources is located at the nort h-eastern edge of the prominent 
Galac t ic mini-starburst W43 ([Motte et al.| [20031 l^^lly 



2QTo1 [Nguyen Lu'Q'Ng et al.| |2011| ) at the same systemic 



velocity, thus, at presumably the same distance. The millimeter 
continuum sources exhibit several velocity components. Beuther, 
et al. (2012 ) explore whether these are due to chance projections 
or physical interactions. Furthermore, it is in general interesting 
to find infrared dark massive gas clumps in so close proximity 
to one of the most active star-forming regions in our Galaxy. 

IRDC 18530: Extending about y south of IRAS 18530+0215 
one finds a filamentary infrared-dark structure that is associated 
with millimeter continuum emission. 

IRDC 19175: This regions hosts a spiral-like filamentary struc- 
ture extending several arc-minutes from IRAS 19175+1357 
distributed in seven 1.2 mm clumps. Two of the mid-infrared 
dark gas clumps have already been studied by [Beuther & 
Henning (2009) who found many smaller sub- structures within 
them. 

IRDC 20081: IRAS 20081+2720 lies at the center of a compact 
infrared-dark filament with two compact 1.2 mm peaks to the 
north and south. 

ISOSS sources 

The ISOSS portion of the sample lies largely in the outer 
Galaxy, thus there are fewer detailed studies in the literature to 
date. In many cases a nearby (possibly associated) IRAS source 
was included in a maser survey. These resulted in non-detections 
in most cases, but we list the exceptions below along with the 
descriptions of the few detailed studies. 

ISOSSJ04225+5150: Birkmann (2006, PhD) found three com- 
pact cores in this region. The first core (SMMl) has a mass of 
275 M© and a temperature of 21.4 K. The most massive core 
(SMM3, 510 Mo, 17 K ) show indications f or shocked outflows 
and an associated PDR ( [Pitann et"aLl |2011| ) 
ISOSS J06527+0140: [Migenes et aT] ([1999]) and [Sunada et al] 
( 2007| ) detect a water maser at the position of IRAS source 
]RAS 06501+0143. 



ISOSSJ19486+2556: [Hennemann et al.| ( [2008] ) find three 
submillimeter clumps (SMMl -3) in this region, located along 
a chain from North-East to South-West. SMM2 and SMM3 are 
associated with bright 24 and 70 [im sources and have masses 
of 40 and 60 M©, whereas SMMl (100 M©) is not detected with 
Spitzer. 

ISOSSJ20153+3453: A single core with a gas mass of ~ 120 M© 
and a dust temperature o f 17 K was identified in this region by 
Hennemann et al. (2008'). Two neighboring mid-infrared sources 
are detected towards SMMl, the one towards the submillimeter 
peak is interpreted as embedded YSO that is actively accreting 
as suggested by the presence of "fuzzy" emission prominent 
at 4.5 yum. Futher Spitzer observations indicate the presence of 
a PDR. Excited ga s suggests shocked outflows in this region 
dPitann et al.][20TT] ). 

ISOSSJ20298+3559: This region harbors four submillimeter 
clumps SMMl -4 and has been studied in detail in Krause et"aL] 
( |2003| ) except for SMM4 which is ofl'set to the west. SMMl 
(0.14 PC 10 Mo) and SMM2 (unresolved: j0.07 pc, 3 Mq) 
are joined by extended submillimeter emission. SMM4 is more 
extended (0.34 pc, 60 M©) than the other clumps. SMMl 
hosts an embedded intermediate-mass YSO, and a Class Il-like 
intermediate-mass YSO is associated with SMM4 ([Hennemannj 
et al. ,2008). 

ISOSSJ22478+6357: An elongated clump (SMMl) is resolved 
in both an Eastern (0.14 pc, 60 M©) and a Western component 
(0.24 pc, 120 Mo) at 450 yum. Towards SMMl East, a Class 
Il-like YSO of intermediate central mass has been identified 



among several 24 yum sources ( Hennemann et al. 2008 ). 



ISOSSJ23053+5953: [Birkmann et~aLl ( [2007] ) identified two 
cores in this region with ~ 200 M© each (at 19.5 K and 17.3 K). 
HCO^ kinematics indicate in-falling gas in both cores. Several 
outflow features were found in this region by interferometric, 
spectroscopic and NIR narrow-band observations (see Birkmann 
[etaL,. 2007, Pitann et al, 2011j . 



Appendix B: Images 



ISOSSJ18364-0221 : \Birkmmm et al.| ( [2006 1 found that ISOSS 
J 18364-0221 broke into two compact cores (SMMl and 
SMM2). SMMl is a protostellar core (16.5 K, 75 M©) with 
energetic outflows. The second core (SMM2) is a more massive 
(280 Mq), pre- stell a r obje ct of lower temperature (12 K). 

2009[ ) performed follow-up millimeter 



Hennemann et al.l 



continuum and molecular line observations of SMMl and found 
it was actually comprised of two sub-clumps (SMMl North 
and South). While SMMl South is detected at 24 and 70 yc/m 
and SMMl North is undetected in the infrared, both are associ- 
ated with molecular outflows reaching up to 4.6 pc from the core. 



ISOSS J19357+1950: SCUBA observations ( [Hennemann "eTaTl 
2008[ ) reveal three resolved clumps at 450 yum: SMMl North 
(0.37 pc, 70 Mo) and South (0.31 pc, 50 Mq), and SMM2 in the 
South-West (0.39 pc, 120 M©). SMM2 hosts a deeply embedded 
protostellar object that may evolve to a massive YSO. 
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Fig.B.l. The Herschel (a) PACS 70yum , (b) PACS 100 yum, (c) PACS 160 yum, (d) SPIRE 250yum, (e) SPIRE 350yum, and (f) 
SPIRE 500 yum images of HMSC 07029. The flux scales on the right edge of each PACS panel are in Jy pixel"^ and Jy beam"^ for 



the SPIRE panels. Point sources are marked with a blue x, and the white solid line marks the boundary defined in Section 2.3.2 



Cyan contours on the SPIRE panels show SCUBA 850 yum emission from 20% of peak flux in increments of 10%: 0.32, 0.49, 0.65, 
0.81,0.97, 1.13, 1.30, 1.46, 1.62 lybeam'^ 
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Fig.B.2. Same image layout as Figure BJ_ but for IRDC 310.39-0.30. Cyan contours on the SPIRE panels (d, e, and f) show 
ATLASGAL 870 yum: 0.3, 0.45, 0.6, 0.75, 0.9, 1.05, 1.2, 1.35, 1.5 Jy beam'^. 
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Fig.B.3. Same image layout as Figure BJ_ but for IRDC 316.72+0.07. Cyan contours on the SPIRE panels (d, e, and f) show 



ATLASGAL 870/im: 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0 Jy beam'^. 
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Fig.B.4. Same image layout as Figure BJ_ but for IRDC 320.27+0.29. Cyan contours on the SPIRE panels (d, e, and f) show 
ATLASGAL 870/im: 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0 Jy beam'^. 
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Fig.B.5. Same image layout as Figure B.l but for IRDC 321.73+0.05. Cyan contours on the SPIRE panels (d, e, and f) show 
MAMBO 1.2 mm: 0.06, 0.09, 0.12, 0.18, 0.21, 0.24, 0.27, 0.3 Jy beam'^ 
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Fig.B.6. Same image layout as Figure BJ_ but for IRDC 004.36-0.06. Cyan contours on the SPIRE panels (d, e, and f) show 
ATLASGAL 870/im: 0.07, 0.11, 0.14, 0.18, 0.21, 0.25, 0.28, 0.32, 0.35 Jy beam'^ 
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Fig.B.7. Same image layout as Figure BJ_ but for IRDC 009.86-0.04. Cyan contours on the SPIRE panels (d, e, and f) show 
ATLASGAL 870/im: 0.08, 0.13, 0.168, 0.21, 0.25, 0.29, 0.34, 0.38, 0.42 Jy beam'^. 
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Fig. B.8. Same image layout as Figure|B.l|but for IRDC 010.70-0. 13. Cyan contours on SPIRE panels (d, e, and f) show ATLASGAL 
870 )um: 0.39, 0.59, 0.78, 0.98, 1.17 , 1.37, 1.56, 1.76, 1.95 Jy beam'^ 
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Fig.B.9. Same image layout as Figure |BJj but for IRDC 011.11-0.12. Cyan contours on the SPIRE panels (d, e, and f) show 
ATLASGAL 870yum: 0.34, 0.51, 0.68, 0.85, 1.02, 1.19, 1.36, 1.53, 1.7 Jy beam'^. 
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Fig. B.IO. Same image layout as Figure|BJjbut for IRDC 18102. Cyan contours on the SPIRE panels (d, e, and f) show ATLASGAL 
870 yum: 0.68, 1.03, 1.37, 1.71,2.05,2.40, 2.74,3.08 Jy beam'^. 
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Fig.B.ll. Same image layout as Figure BJ_ but for IRDC 013.90-0.51. Cyan contours on the SPIRE panels (d, e, and f) show 
ATLASGAL 870//m: 0.25, 0.37, 0.50, 0.62, 0.74, 0.87, 0.99, 1.12, 1.24 Jy beam'^. 
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Fig.B.12. Same image layout as Figure B.l but for IRDC 015.05+0.09. Cyan contours on the SPIRE panels (d, e, and f) show 
ATLASGAL 870//m: 0.08, 0.13, 0.17, 0.21, 0.25, 0.29, 0.34, 0.38, 0.42 Jy beam'^. 
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Fig. B. 13. Same image layout as Figure B.l but for IRDC 18151. Cyan contours on the SPIRE panels (d, e, and f) show MAMBO 
1.2mm: 0.13, 0.20, 0.27, 0.35, 0.40, 0.47, 0.54, 0.61, 0.67 Jy beam'^. 
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Fig. B.14. Same image layout as Figure|BJjbut for IRDC 18182.Cyan contours on the SPIRE panels (d, e, and f) show ATLASGAL 
870 )um: 0.6, 0.9, 1.2, 1.5, 1.8, 2.1, 2.4, 2.7, 3.0 Jy beam'^ 
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Fig.B.16. Same image layout as Figure B.l but for IRDC 19.30+0.07. Cyan contours on the SPIRE panels (d, e, and f) show 



ATLASGAL 870//m: 0.25, 0.37, 0.50, 0.62, 0.74, 0.87, 0.99, 1.12, 1.24 Jy beam"! 
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Fig. B.17. Same image layout as Figure|BJjbut for IRDC 18306. Cyan contours on the SPIRE panels (d, e, and f) show ATLASGAL 
870 yum: 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6 ,1.8, 2.0 Jy beam'^. 
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Fig. B.18. Same image layout as Figure|BJjbut for IRDC 18308. Cyan contours on the SPIRE panels (d, e, and f) show ATLASGAL 
870 yum: 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6 ,1.8, 2.0 Jy beam'^. 
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Fig. B.19. Same image layout as Figure|BJjbut for IRDC 18310. Cyan contours on the SPIRE panels (d, e, and f) show ATLASGAL 
870 yum: 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6,1.8, 2.0 lybeam'^ 
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Fig. B.20. Same image layout as Figure|BJjbut for IRDC 18337. Cyan contours on the SPIRE panels (d, e, and f) show ATLASGAL 
870 yum: 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6 ,1.8, 2.0 Jy beam'^. 
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Fig. B.21. Same image layout as Figure |B.l| but for IRDC 18385. Cyan contours on the SPIRE panels (d, e, and f) show ATLASGAL 
870 yum: 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6 ,1.8, 2.0 Jy beam'^. 
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Fig.B.22. Same image layout as Figure B.l but for IRDC 028.34+0.06. Cyan contours on the SPIRE panels (d, e, and f) show 
ATLASGAL 870yum: 0.8, 1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.6, 4.0 Jy beam'^. 
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Fig. B.23. Same image layout as Figure|BJjbut for IRDC 18437. Cyan contours on the SPIRE panels (d, e, and f) show ATLASGAL 
870 yum: 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0 Jy beam'^ 
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Fig. B.24. Same image layout as Figure|BJjbut for IRDC 18454. Cyan contours on the SPIRE panels (d, e, and f) show ATLASGAL 
870 yum: 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 Jy beam'^. 



50 



S. Ragan et al.: Herschel EPoS: high-mass overview 




42s 



36s 30s 24s IShSSmlSs 
RA (J2000) 



I- * I ! I t 



T1 



0.0700 
0.0525 



- 0.0350 



m 0.0175 



I 



25.00 
18,75 



12,50 




42s 36s 30s 24s lSh55ml8s 
RA (J2000) 



Fig. B.25. Same image layout as Figure |B.l| but for IRDC 18530. Cyan contours on the SPIRE panels (d, e, and f) show ATLASGAL 
870 yum: 0.6, 0.9, 1.2, 1.5, 1.8, 2.1, 2.4, 2.7, 3.0 Jy beam'^ 
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Fig. B.26. Same image layout as Figure|BJjbut for IRDC 19175. Cyan contours on the SPIRE panels (d, e, and f) show ATLASGAL 
870 yum: 0.19, 0.29, 0.38, 0.48, 0.57, 0.67, 0.76, 0.86, 0.95 Jy beam'^. 
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Fig.B.27. Same image layout as Figure BJ_ but for IRDC 048.66-0.29. Cyan contours on the SPIRE panels (d, e, and f) show 
ATLASGAL 870 yum: 0.106, 0.159, 0.21, 0.265, 0.318, 0.371, 0.424, 0.477, 0.53 Jy beam'^. 
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Fig.B.28. Same image layout as Figure [BJjbut for IRDC 20081. Cyan contours on the SPIRE panels (d, e, and f) show MAMBO 
1.2mm: 0.04, 0.07, 0.09, 0.11, 0.13, 0.14, 0.16, 0.18 Jy beam'^. 
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Fig.B.29. Same image layout as Figure B.l but for IRDC 079.31+0.36. Cyan contours on the SPIRE panels (d, e, and f) show 
SCUBA 850yum: 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0 Jy beam'^. 
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Fig.B.30. Same image layout as Figure |B.l| but for ISOSS J04225+5150. Cyan contours on the SPIRE panels (d, e, and f) show 
SCUBA 850yum: 0.22, 0.32, 0.43, 0.54, 0.65, 0.76, 0.86, 0.97, 1.08 Jy beam'^. 
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Fig.B.31. Same image layout as Figure B.l but for ISOSS J06114+1726, 
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Fig. B.32. Same image layout as Figure 
SCUBA 850yum: 0.41, 0.62, 0.82, 1.03, 



B.l 



but for ISOSS J06527+0140. Cyan contours on the SPIRE panels (d, e, and f) show 

.24, 1.44, 1.65, 1.85, 2.06 Jy beam'^. 
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Fig.B.33. Same image layout as Figure B.l but for ISOSS J18364-0221. Cyan contours on the SPIRE panels (d, e, and f) show 
SCUBA 850//m: 0.21, 0.31, 0.42, 0.52, 0.63, 0.73, 0.83, 0.94, 1.04 Jy beam'^. 
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Fig.B.34. Same image layout as Figure BJ_ but for ISOSS J19357+1950. Cyan contours on the SPIRE panels (d, e, and f) show 
SCUBA 850yum: 0.06, 0.09, 0.12, 0.15, 0.17, 0.20, 0.23, 0.26, 0.29 Jy beam'^. 
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Fig.B.35. Same image layout as Figure BJ_ but for ISOSS J19486+2556. Cyan contours on the SPIRE panels (d, e, and f) show 



SCUBA 850yum: 0.07, 0.11, 0.14, 0.18, 0.22, 0.25, 0.29, 0.32, 0.36 Jy beam"! 
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Fig.B.36. Same image layout as Figure BJ_ but for ISOSS J19557+2825. Cyan contours on the SPIRE panels (d, e, and f) show 
SCUBA 850yum: 0.13, 0.19, 0.26, 0.32, 0.38, 0.45, 0.51, 0.58, 0.64 Jy beam'^. 
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Fig.B.37. Same image layout as Figure B.l but for ISOSS J20093+2729. Cyan contours on the SPIRE panels (d, e, and f) show 



SCUBA 850yum: 0.05, 0.08, 0.10, 0.13, 0.15, 0.18, 0.20, 0.23, 0.25 Jy beam"! 
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Fig.B.38. Same image layout as Figure BJ_ but for ISOSS J20153+3453. Cyan contours on the SPIRE panels (d, e, and f) show 
SCUBA 850yum: 0.28, 0.41, 0.55, 0.69, 0.83, 0.97, 1.10, 1.24, 1.38 Jy beam'^. 
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Fig.B.39. Same image layout as Figure |B.1| but for ISOSS J20298+3559. Cyan contours on the SPIRE panels (d, e, and f) show 
SCUBA 850yum: 0.08, 0.12, 0.20, 0.24, 0.28, 0.32, 0.36, 0.40 Jy beam'^. 
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Fig.B.40. Same image layout as Figure BJ_ but for ISOSS J213 11+5127. Cyan contours on the SPIRE panels (d, e, and f) show 



SCUBA 850yum: 0.12, 0.18, 0.24, 0.30, 0.36, 0.42, 0.48, 0.54, 0.60 Jy beam"! 
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Fig.B.41. Same image layout as Figure [Bjjbut for ISOSS J22164+6003. Cyan contours on the SPIRE panels (d, e, and f) show 
SCUBA 850yum: 0.08, 0.12, 0.20, 0.24, 0.28, 0.32, 0.36, 0.40 Jy beam'^. 
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Fig.B.42. Same image layout as Figure |B.1| but for ISOSS J22478+6357. Cyan contours on the SPIRE panels (d, e, and f) show 
SCUBA 850yum: 0.11, 0.17, 0.22, 0.28, 0.34, 0.39, 0.45, 0.50, 0.56 Jy beam'^. 
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Fig.B.43. Same image layout as Figure B.l but for ISOSS J23053+5953. Cyan contours on the SPIRE panels (d, e, and f) show 
SCUBA 850yum: 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0 Jy beam'^. 
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Fig.B.44. Same 
SCUBA 850yum: 
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image layout as Figure BJ_ but for ISOSS J23 129+5944. Cyan contours on the SPIRE panels (d, e, and f) show 
0.14, 0.21, 0.28, 0.35, 0.42, 0.49, 0.56, 0.63, 0.70 Jy beam'^. 
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Fig.B.45. Same image layout as Figure B.l but for ISOSS J23287+6039. Cyan contours on the SPIRE panels (d, e, and f) show 



SCUBA 850yum: 0.08, 0.12, 0.20, 0.24, 0.28, 0.32, 0.36, 0.40 Jy beam'^. 
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Table C.l. Point sources. 



ID 


RA (J2000) 


Dec (J2000) 


S 24 


^70 


S 100 


S 160 


Tdust 


Luminosity 


Mass 


Remark 


number 






(Jy) 


(Jy) 


(Jy) 


(Jy) 


(K) 


(^o) 


(Mo) 




HMSC07029-1215 


1 


07:04:57.0 


-12:16:53 


0.04 


0.48 


0.85 


1.88 


22 


0.5 


0.05 




2 


07:04:57.9 


-12:16:47 


0.04 


0.14 


0.20 


0.82 


20 


0.1 


0.02 




3 


07:05:00.5 


-12:16:41 


0.05 


0.41 


0.95 


1.67 


22 


0.4 


0.05 




4 


07:05:03.4 


-12:16:31 




0.27 


1.27 


3.28 


18 


0.7 


0.2 




5 


07:05:05.8 


-12:16:49 


0.02 


0.39 


0.54 


0.93 


24 


0.3 


0.02 




6 


07:05:10.6 


-12:21:33 


0.10 


0.29 


0.79 


1.23 


21 


0.3 


0.04 




7 


07:05:10.8 


-12:18:57 




9.44 


31.02 


52.48 


20 


13 


2 




8 


07:05:18.6 


-12:20:08 


2.8^ 


1.74 


6.71 


17.16 


19 


4 


1.0 


G225.4833-02.5697 


9 


07:05:22.6 


-12:20:12 


3.2^ 


1.37 


3.03 


7.07 


21 


2 


0.2 


G225.4899-02.5557 


10 


07:05:27.6 


-12:18:45 




0.06 


0.21 


0.39 


20 


0.09 


0.02 




IRDC3 10.39-0.30 


1 


13:56:00.4 


-62:13:59 


3.5 


5.20 


7.72 


13.64 


24 


246 


16 


G3 10.3748-00.2978 


2 


13:56:01.3 


-62:14:18 


S 


3.39 


19.24 


54.40 


17 


716 


303 




IRDC3 16.72-0.07 


1 


14:44:15.7 


-59:44:57 


0.008 


0.43 


1.76 


5.13 


18 


20 


6 




2 


14:44:16.8 


-59:43:45 


0.01 


0.31 


1.04 


6.12 


17 


19 


9 




3 


14:44:20.3 


-59:44:49 


0.09 


1.38 


3.17 


8.46 


20 


35 


6 




4 


14:44:20.7 


-59:46:30 


0.07 


1.94 


3.89 


5.58 


23 


32 


2 




5 


14:44:21.9 


-59:48:55 


0.009 


0.07 


0.52 


2.83 


15 


10 


9 




6 


14:44:22.3 


-59:47:25 


0.10 


0.29 


0.59 


2.12 


20 


8 


2 




7 


14:44:22.4 


-59:49:09 


0.04 


0.55 


1.27 


2.82 


21 


13 


2 




8 


14:44:23.2 


-59:45:04 


0.01 


0.63 


2.13 


6.97 


18 


26 


8 




9 


14:44:30.1 


-59:49:03 


3.6 


15.58 


22.49 


42.04 


24 


223 


15 


G316.7071-00.0049 


10 


14:44:32.0 


-59:50:03 


0.07 


0.34 


0.48 


2.84 


19 


9 


2 




11 


14:44:32.8 


-59:49:48 


0.02 


0.39 


0.38 


2.51 


20 


7 


1 




12 


14:44:33.0 


-59:46:07 


0.12 


0.23 


0.55 


1.42 


20 


6 


1 




13 


14:44:36.3 


-59:48:15 


0.06 


0.43 


1.48 


6.84 


17 


23 


9 




14 


14:44:37.3 


-59:48:13 


0.06 


0.50 


2.20 


7.48 


17 


28 


11 




15 


14:44:38.2 


-59:46:17 




0.20 


0.74 


6.01 


16 


18 


12 




16 


14:44:39.7 


-59:46:32 




0.16 


0.91 


3.53 


16 


13 


7 




17 


14:44:49.0 


-59:45:22 




0.15 


1.12 


4.38 


16 


17 


12 




18 


14:44:51.2 


-59:46:03 




0.06 


0.63 


4.53 


14 


16 


22 




19 


14:44:52.8 


-59:46:43 


0.10 


1.60 


4.66 


14.21 


19 


54 


13 




20 


14:44:54.5 


-59:46:55 


0.004 


0.19 


1.35 


5.77 


16 


21 


16 




21 


14:44:56.0 


-59:47:59 


S 


118.48 


213.77 


244.55 


25 


1650 


79 




22 


14:45:04.6 


-59:45:13 




0.07 


0.45 


0.96 


18 


4 


2 




23 


14:45:08.1 


-59:44:59 




0.80 


2.26 


3.52 


21 


18 


2 




IRDC320.27+0.29 


1 


15:07:25.7 


-57:53:16 


0.01 


0.14 


0.42 


0.99 


20 


3 


0.5 




2 


15:07:26.1 


-57:53:23 


s 


0.75 


0.32 


1.31 


26 


4 


0.1 




3 


15:07:26.6 


-57:52:01 




0.03 


0.22 


1.60 


15 


4 


4 




4 


15:07:27.0 


-57:52:18 


0.008 


0.06 


0.21 


1.71 


16 


3 


2 




5 


15:07:40.5 


-57:54:33 


0.006 


0.04 


0.17 


0.38 


19 


1 


0.3 




6 


15:07:49.9 


-57:55:09 


0.005 


0.05 


0.10 


0.43 


19 


1.0 


0.2 




7 


15:07:57.1 


-57:54:17 


0.06 


0.44 


2.01 


5.58 


18 


15 


5 




IRDC321. 73+0.05 


1 


15:17:42.1 


-57:18:17 


0.002 


0.06 


0.18 


0.61 


18 


2 


0.5 




2 


15:17:51.6 


-57:26:42 




0.04 


0.10 


0.54 


18 


1 


0.5 




3 


15:17:54.0 


-57:26:57 




0.06 


0.14 


0.37 


20 


1 


0.2 




4 


15:17:59.1 


-57:21:16 


0.12 


0.27 


0.39 


2.61 


19 


5 


1 




5 


15:17:59.1 


-57:28:02 


2.0 


15.56 


32.76 


53.68 


22 


199 


18 


G321.6504-00.0229 


6 


15:18:01.4 


-57:22:05 


0.46 


2.38 


5.15 


9.37 


22 


33 


3 




7 


15:18:01.7 


-57:24:49 


0.03 


0.09 


0.42 


1.38 


17 


4 


1 




8 


15:18:02.8 


-57:24:25 




0.04 


0.12 


0.24 


20 


0.8 


0.1 




9 


15:18:05.3 


-57:24:19 




0.05 


0.17 


0.61 


18 


2 


0.5 




10 


15:18:05.5 


-57:24:31 


0.11 


1.37 


3.08 


4.18 


23 


17 


1 




11 


15:18:19.8 


-57:20:38 


0.59 


0.17 


0.20 


0.72 


22 


2 


0.2 


G321.7558+00.0571 


12 


15:18:26.2 


-57:21:58 


1.1^ 


1.96 


9.99 


24.66 


18 


72 


24 


IRAS 15144-5709 


13 


15:18:28.9 


-57:21:53 


0.02 


0.39 


1.72 


4.50 


18 


13 


4 




14 


15:18:31.9 


-57:21:53 




0.20 


0.80 


1.61 


19 


5 


1 




15 


15:18:39.5 


-57:21:52 




0.24 


0.84 


1.62 


20 


5 


1.0 




IRDC004.36-0.06 


1 


17:55:48.2 


-25:13:01 




0.08 


0.15 


0.48 


20 


3 


0.4 





IRDC009.86-0.04 
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Table C.l. continued. 



ID 


RA (J2000) 


Dec (J2000) 


S 24 


^70 


S 100 


S 160 


Tdust 


Luminosity 


Mass 


Remark 


number 






(Jy) 


(Jy) 


(Jy) 


(Jy) 


(K) 


(^o) 


(Mo) 




1 


18:07:34.0 


-20:26:19 


1.1 


2.91 


4.64 


6.54 


24 


37 


2 




2 


18:07:38.5 


-20:26:21 


0.08 


0.19 


0.74 


1.09 


20 


5 


0.8 




3 


18:07:39.5 


-20:26:40 


0.19 


0.29 


0.46 


1.06 


22 


5 


0.4 




IRDCOlO.70-0.13 


1 


18:09:15.0 


-19:42:43 


0.28 


6.52 


12.07 


19.40 


23 


166 


12 




2 


18:09:16.3 


-19:42:27 


0.46 


42.01 


112.50 


160.09 


22 


1360 


137 




3 


18:09:16.9 


-19:45:17 


0.09 


1.02 


1.81 


1.45 


27 


20 


0.6 




4 


18:09:34.6 


-19:43:07 


0.009 


0.74 


2.14 


4.24 


20 


30 


5 




5 


18:09:35.1 


-19:42:55 


0.14 


0.67 


1.10 


2.03 


23 


17 


1 




6 


18:09:36.7 


-19:43:09 


0.03 


0.86 


2.56 


3.13 


22 


28 


3 




7 


18:09:37.8 


-19:41:43 


0.01 


0.59 


1.34 


3.72 


20 


24 


4 




8 


18:09:39.0 


-19:45:14 


0.03 


0.47 


1.47 


3.10 


20 


22 


4 




9 


18:09:42.4 


-19:47:07 


0.02 


0.32 


0.91 


1.69 


21 


12 


2 




10 


18:09:45.7 


-19:42:08 


0.04 


2.11 


6.89 


13.76 


20 


98 


17 




11 


18:09:49.0 


-19:43:45 


0.10 


1.49 


5.41 


9.06 


20 


69 


12 




12 


18:09:51.2 


-19:45:45 




0.10 


0.54 


1.04 


18 


7 


2 




13 


18:09:54.4 


-19:44:12 


0.005 


0.07 


0.41 


1.71 


16 


10 


6 




14 


18:09:56.3 


-19:48:22 


1.5^ 


1.66 


3.25 


2.85 


26 


35 


1 


GOlO.6713-00.2110 


15 


18:09:56.6 


-19:45:41 




0.08 


0.45 


1.76 


17 


10 


5 




16 


18:10:00.4 


-19:45:17 


0.005 


0.12 


0.50 


0.94 


19 


7 


1 




17 


18:10:03.1 


-19:43:52 


0.06 


0.28 


0.94 


3.97 


18 


21 


8 




18 


18:10:05.8 


-19:49:13 




0.06 


0.60 


1.93 


15 


12 


10 




19 


18:10:06.0 


-19:46:39 




0.77 


3.02 


5.07 


20 


38 


7 




20 


18:10:08.8 


-19:44:56 




0.12 


0.43 


1.56 


18 


9 


3 




21 


18:10:08.8 


-19:43:32 


0.03 


0.38 


1.14 


1.86 


21 


15 


2 




IRDCOl 1.1 1-0.12 


1 


18 


10:05.5 


-19:26:34 


0.34 


2.76 


5.77 


7.47 


23 


68 


5 




2 


18 


10:06.8 


-19:26:00 


0.005 


0.33 


1.01 


1.66 


21 


12 


2 




3 


18 


10:07.3 


-19:29:15 


0.26 


3.61 


11.76 


21.22 


20 


153 


25 




4 


18 


10:08.7 


-19:27:45 




0.11 


0.84 


1.94 


17 


13 


6 




5 


18 


10:10.4 


-19:28:03 




0.06 


0.23 


1.45 


16 


7 


4 




6 


18 


10:19.4 


-19:24:23 


0.06 


0.50 


1.15 


2.20 


21 


16 


2 




7 


18 


10:27.0 


-19:18:11 


0.26 


2.07 


3.90 


6.06 


23 


51 


4 




8 


18 


10:28.3 


-19:22:29 


2.0 


61.99 


130.28 


143.04 


24 


1444 


80 




9 


18 


10:31.8 


-19:24:51 


0.12 


0.47 


0.89 


2.16 


21 


14 


2 




10 


18 


10:32.3 


-19:18:44 




0.08 


0.19 


1.05 


18 


5 


2 




11 


18 


10:33.6 


-19:22:07 


0.08 


1.21 


2.53 


3.82 


23 


32 


3 




12 


18 


10:34.2 


-19:19:15 


0.02 


0.16 


0.44 


1.34 


19 


8 


2 




13 


18 


10:34.8 


-19:22:13 


0.02 


0.63 


0.21 


1.45 


25 


8 


0.4 




14 


18 


10:35.0 


-19:16:19 


0.01 


0.42 


1.07 


1.71 


22 


13 


1 




15 


18 


10:35.3 


-19:15:17 




0.06 


0.34 


0.96 


17 


6 


2 




16 


18 


10:38.1 


-19:19:50 


0.05 


3.41 


6.38 


7.03 


25 


73 


4 




17 


18 


10:38.8 


-19:19:01 


0.01 


0.35 


0.79 


0.99 


23 


9 


0.7 




18 


18 


10:39.9 


-19:24:38 


0.59 


0.09 


0.17 


0.40 


21 


3 


0.3 


Gl 1.0998-00.1722 


19 


18 


10:42.6 


-19:19:57 


0.03 


0.36 


0.98 


1.55 


21 


12 


1 




IRDC013.90-0.51 


1 


18 


17:16.7 


-17:11:03 


0.007 


0.82 


1.89 


2.66 


23 


13 


1 




2 


18 


17:20.0 


-17:11:18 




0.07 


0.16 


0.57 


19 


2 


0.4 




3 


18 


17:20.6 


-17:11:21 




0.07 


0.15 


0.38 


21 


1 


0.2 




4 


18 


17:21.5 


-17:04:25 


0.17 


0.41 


1.07 


1.70 


22 


8 


0.8 




5 


18 


17:23.3 


-17:02:40 


0.02 


0.06 


0.43 


1.10 


17 


4 


2 




6 


18 


17:23.6 


-17:02:34 


0.008 


0.06 


0.34 


1.35 


17 


4 


2 




7 


18 


17:23.9 


-17:06:50 




0.90 


1.17 


2.44 


24 


11 


0.7 




8 


18 


17:24.1 


-17:04:01 




0.50 


2.50 


4.57 


19 


18 


5 




9 


18 


17:24.1 


-17:02:06 


0.04 


0.11 


0.31 


1.65 


18 


5 


2 




10 


18 


17:24.2 


-17:02:31 


0.02 


0.14 


0.28 


1.47 


18 


4 


1 




11 


18 


17:24.3 


-17:03:10 




0.05 


0.36 


0.99 


17 


4 


2 




12 


18 


17:24.3 


-17:07:05 


S 


1.08 


1.61 


2.85 


24 


14 


0.9 




13 


18 


17:26.0 


-17:02:10 


1.4 


5.93 


7.46 


9.25 


27 


59 


2 




14 


18 


17:26.6 


-17:02:37 




0.09 


0.36 


1.03 


18 


4 


1 




15 


18 


17:27.0 


-17:03:29 


0.01 


0.14 


0.32 


1.15 


19 


4 


0.8 




16 


18 


17:27.1 


-17:05:28 


0.21 


0.36 


3.70 


5.44 


17 


24 


10 




17 


18 


17:29.9 


-17:03:51 


0.02 


0.21 


0.81 


1.39 


20 


6 


1 




18 


18 


17:32.7 


-17:04:36 


0.01 


0.12 


0.41 


0.99 


19 


4 


0.8 




19 


18 


17:32.8 


-17:05:47 




0.13 


0.28 


0.62 


21 


2 


0.3 




20 


18 


17:33.2 


-17:05:01 


0.007 


0.13 


0.32 


0.85 


20 


3 


0.5 
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Table C.l. continued. 



ID 


RA (J2000) 


Dec (J2000) 


24 


S 70 


S IQQ 


S ]^5o 


Tdust 


Luminosity 


Mass 


Remark 


number 




(o.'."\ 


(Jv) 


(Jv) 


(Jv) 


(Jv) 


(K) 








21 


18 


17:33.4 


-17:07:59 


0.02 


0.11 


0.47 


1.34 


18 


5 


2 




22 


18 


17:34.2 


-17:07:40 


0.02 


0.35 


0.81 


1.81 


21 


7 


1.0 




23 


18 


17:34.5 


-17:07:48 


0.01 


0.26 


0.62 


1.90 


20 


6 


1 




24 


18 


17:34.7 


-17:06:38 


0.14 


2.26 


5.47 


9.95 


21 


43 


5 




25 


18 


17:35.6 


-17:06:54 


0.46 


4.52 


7.96 


13.39 


23 


63 


5 




26 


18 


17:37.6 


-17:05:55 


0.01 


0.17 


0.41 


0.65 


22 


3 


0.3 




27 


18 


17:38.7 


-17:05:57 


0.008 


0.12 


0.71 


0.99 


19 


4 


1 




28 


18 


17:39.3 


-17:07:20 




0.09 


0.46 


2.21 


16 


7 


4 




29 


18 


17:39.4 


-17:07:36 


0.02 


0.10 


0.51 


2.20 


16 


7 


4 




IRDC015.05+0.09 


1 


18:17:35.5 


-15:48:31 




0.06 


0.29 


2.24 


15 


8 


7 




2 


18:17:35.6 


-15:48:41 




0.06 


1.33 


2.10 


15 


13 


11 




3 


18:17:40.1 


-15:49:02 


0.28 


2.70 


5.06 


6.62 


24 


46 


3 




IRDC019.30+0.07 


1 


18:25:51.6 


-12:07:10 


0.02 


0.43 


0.96 


2.31 


21 


7 


1 




2 


18:25:52.0 


-12:04:50 


0.05 


0.86 


4.29 


11.17 


18 


33 


12 




3 


18:25:58.5 


-12:03:58 


0.34 


10.30 


36.16 


63.56 


20 


220 


37 




4 


18:25:58.6 


-12:04:20 


0.25 


2.06 


3.29 


3.86 


25 


20 


0.8 




5 


18:25:58.8 


-12:10:02 


0.008 


0.14 


0.84 


2.40 


17 


7 


3 




6 


18:26:01.6 


-12:03:51 


0.01 


0.06 


0.27 


1.47 


16 


3 


2 




7 


18:26:01.7 


-12:02:44 


0.005 


0.07 


0.30 


0.82 


18 


2 


0.8 




8 


18:26:04.4 


-12:05:31 


0.01 


0.07 


0.16 


0.55 


19 


1 


0.3 




IRDC028.34+0.06 


1 


18:42:27.0 


-4:01:29 


3.7 


159.95 


234.53 


192.45 


28 


4810 


111 


G028.3271-k00.1617 


2 


18:42:29.9 


-4:02:34 




0.38 


0.80 


2.48 


20 


26 


5 




3 


18:42:32.8 


-4:01:07 


0.58 


4.13 


9.35 


15.57 


22 


214 


21 




4 


18:42:34.8 


-4:00:33 




1.79 


5.65 


7.84 


21 


112 


13 




5 


18:42:37.2 


-4:02:01 


30.2^ 


118.67 


165.29 


156.60 


28 


3578 


93 


G028.3373-kOO.1189 


6 


18:42:40.3 


-4:01:39 




0.10 


0.39 


1.13 


18 


12 


4 




7 


18:42:41.6 


-3:57:04 


0.76 


9.15 


16.66 


17.98 


25 


337 


15 


G028.4186-k00.1408 


8 


18:42:41.7 


-4:02:14 


2.3 


4.21 


5.97 


4.12 


30 


121 


2 


G028.3425-k00.1008 


9 


18:42:42.4 


-4:01:33 


0.03 


1.05 


2.92 


6.43 


20 


76 


13 




10 


18:42:43.3 


-4:01:58 




0.13 


0.46 


2.53 


17 


22 


11 




11 


18:42:43.8 


-4:05:06 


0.14 


0.66 


1.67 


4.44 


20 


49 


9 




12 


18:42:45.4 


-3:57:57 




0.20 


0.56 


3.46 


17 


28 


13 




13 


18:42:47.7 


-3:58:18 


0.006 


0.05 


0.44 


3.40 


14 


31 


39 




14 


18:42:49.9 


-4:04:01 


0.006 


0.08 


0.43 


1.27 


17 


13 


6 




15 


18:42:50.3 


-4:04:06 




0.07 


0.54 


1.27 


17 


15 


7 




16 


18:42:50.3 


-4:01:58 


0.02 


1.15 


3.94 


6.61 


20 


86 


14 




17 


18:42:50.8 


-4:03:11 


0.09 


1.20 


5.09 


14.34 


18 


152 


49 




18 


18:42:51.2 


-3:59:24 




0.52 


4.27 


9.40 


17 


110 


53 




19 


18:42:52.2 


-3:59:54 


0.26 


35.17 


136.47 


230.25 


20 


2950 


534 




20 


18:42:52.6 


-4:00:00 


1.5 


3.84 


24.44 


69.10 


17 


743 


350 


G028.3937+00.0757 


21 


18:42:54.2 


-4:02:31 


0.06 


0.16 


6.21 


11.40 


14 


178 


265 




22 


18:42:54.9 


-4:02:13 


0.009 


0.64 


2.47 


4.09 


20 


53 


9 




23 


18:42:55.1 


-3:57:56 




0.05 


0.15 


1.07 


17 


8 


4 




24 


18:43:00.4 


-3:59:33 


0.006 


0.11 


0.39 


1.45 


18 


14 


5 




IRDC048.66-0.29 


1 


19:21:40.7 


13:50:54 


0.02 


0.12 


0.31 


0.90 


19 


3 


0.7 




2 


19:21:40.7 


13:51:17 


0.10 


0.37 


0.49 


0.69 


25 


4 


0.2 




3 


19:21:45.6 


13:49:20 


0.01 


0.30 


0.84 


1.37 


21 


6 


0.8 




4 


19:21:47.9 


13:49:20 




0.48 


1.84 


4.73 


19 


17 


5 




5 


19:21:49.7 


13:49:31 


0.11 


1.79 


4.09 


7.22 


22 


33 


3 




6 


19:21:50.2 


13:49:39 


0.23 


3.70 


6.93 


10.71 


23 


54 


4 




7 


19:21:50.2 


13:48:19 


0.12 


1.73 


3.66 


4.74 


23 


26 


2 




IRDC079.3 1+0.36 


1 


20:31:41.6 


40:17:56 


0.14 


1.82 


3.43 


6.45 


22 


10 


0.9 




2 


20:31:44.9 


40:19:20 


0.38 


2.29 


4.11 


5.40 


24 


11 


0.6 




3 


20:31:45.7 


40:18:47 


0.04 


0.78 


1.67 


2.48 


23 


4 


0.4 




4 


20:31:47.0 


40:19:21 


0.04 


0.24 


0.53 


1.19 


21 


2 


0.2 




5 


20:31:47.3 


40:18:59 


0.56 


1.14 


1.63 


1.38 


28 


4 


0.09 




6 


20:31:48.7 


40:19:04 


0.01 


0.23 


0.44 


0.66 


23 


1 


0.09 




7 


20:31:50.6 


40:15:37 


0.03 


0.11 


0.20 


0.73 


20 


0.8 


0.1 




8 


20:31:52.2 


40:18:34 


0.06 


1.00 


2.81 


4.67 


21 


7 


0.9 




9 


20:31:52.8 


40:19:07 


0.04 


0.23 


0.46 


0.85 


22 


1 


0.1 




10 


20:31:53.8 


40:21:44 




0.19 


0.46 


0.79 


22 


1 


0.1 
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Table C.l. continued. 



ID 


RA (J2000) 


Dec (J2000) 


^ 24 


S 70 


S IQQ 


S ]^5o 


Tdust 


Luminosity 


Mass 


Remark 


number 


(h.m.s\ 


\ • • J 


Qv) 
















11 


20-31-55 


40:17:25 




0.16 


0.54 


1.13 


20 


2 


0.3 




12 


20-31-58 3 


40-18-38 


0.23 


1.68 


9.91 


16.63 


18 


25 


7 




13 


20-32-01 4 


40:15:04 


0.10 


0.31 


0.96 


1.83 


20 


3 


0.4 




14 


20-M-O] 7 


40:13:45 


0.02 


0.18 


0.35 


0.58 


23 


1.0 


0.08 




15 


20-32-02 7 


40:18:40 


0.48 


1.88 


3.99 


6.86 


22 


11 


1 




16 




40:15:59 


0.06 


0.15 


0.37 


0.51 


22 


0.9 


0.08 




17 


20:32:06.2 


40:15:08 


0.03 


0.28 


0.47 


0.70 


24 


1 


0.08 




18 


20:32:14.5 


40:19:44 


0.10 


1.33 


4.70 


9.19 


20 


13 


3 




19 


20:32:20.8 


40:19:51 


1.2 


3.53 


6.40 


88.74 


16 


67 


40 




20 


20:32:21.3 


40:16:04 


0.24 


1.30 


2.23 


1.82 


27 


5 


0.1 




21 


20:32:22.0 


40:19:40 


0.60 


8.58 


13.62 


17.70 


25 


37 


2 




22 


20:32:22.3 


40:20:17 


4.0 


11.12 


44.94 


71.01 


20 


111 


20 


G079.3398-k00.3417 


23 


20:32:23.1 


40:19:24 


0.51 


2.45 


3.97 


7.03 


23 


12 


0.8 




24 


20:32:28.6 


40:19:43 


2.9 


9.43 


13.29 


15.06 


26 


36 


1 


G079.3439-k00.3191 


25 


20:32:29.3 


40:16:04 


31.1^ 


53.55 


85.43 


130.85 


24 


243 


14 


G079.2963-k00.2835 


IRDC18102 


1 


18 


12:55.1 


-18:02:29 


0.005 


1.22 


3.53 


5.57 


21 


25 


3 




2 


18 


12:58.6 


-18:01:02 


0.08 


1.09 


1.85 


3.36 


23 


15 


1 




3 


18 


13:00.9 


-18:02:49 


0.17 


2.96 


6.91 


15.92 


21 


62 


9 




4 


18 


13:01.6 


-18:02:48 




1.16 


4.18 


15.52 


18 


49 


18 




5 


18 


13:05.1 


-18:01:51 




0.05 


0.18 


0.82 


17 


2 


1 




6 


18 


13:05.5 


-18:00:13 


1.1 


6.87 


9.91 


9.98 


27 


71 


2 




7 


18 


13:11.1 


-18:02:17 




0.04 


0.30 


1.20 


16 


4 


3 




8 


18 


13:11.1 


-17:58:21 


0.02 


0.10 


0.38 


1.11 


18 


4 


1 




9 


18 


13:11.5 


-17:59:58 


3.2 


59.94 


123.63 


168.65 


23 


873 


61 




10 


18 


13:12.4 


-17:59:30 


1.2 


9.10 


11.29 


42.38 


21 


141 


17 


G012.6333-00.0176 


11 


18 


13:12.5 


-17:59:41 


1.4 


19.13 


34.08 


54.57 


23 


267 


19 


IRAS 18102-1800 


12 


18 


13:12.7 


-17:56:19 


1.7 


15.49 


23.48 


29.39 


25 


176 


7 


G012.6814-h00.0072 


13 


18 


13:13.5 


-17:56:21 


1.2 


2.43 


7.79 


14.35 


20 


60 


10 


IRAS 18102-1757 


14 


18 


13:13.8 


-18:02:12 


0.04 


0.88 


2.29 


4.19 


21 


18 


2 




15 


18 


13:13.9 


-17:57:21 


0.01 


0.19 


0.71 


0.78 


21 


4 


0.5 




16 


18 


13:14.0 


-17:56:17 




1.55 


5.61 


9.16 


20 


40 


6 




IRDC18151 


1 


18 


17:29.9 


-12:06:48 




0.40 


1.47 


3.03 


19 


12 


3 




2 


18 


17:30.4 


-12:07:36 




0.08 


0.35 


3.25 


15 


9 


8 




3 


18 


17:31.3 


-12:06:12 




0.25 


1.14 


4.69 


17 


15 


7 




4 


18 


17:31.7 


-12:08:02 




0.10 


0.75 


1.76 


17 


7 


3 




5 


18 


17:33.5 


-12:09:05 




0.25 


0.71 


1.78 


20 


7 


1 




6 


18 


17:34.6 


-12:11:19 




0.13 


0.33 


0.53 


22 


3 


0.3 




7 


18 


17:36.0 


-12:04:19 




0.13 


0.41 


0.96 


20 


4 


0.8 




8 


18 


17:36.3 


-12:06:38 




0.27 


0.61 


2.18 


19 


7 


2 




9 


18 


17:36.4 


-12:05:19 




0.18 


0.72 


1.81 


18 


7 


2 




10 


18 


17:38.0 


-12:11:14 




0.17 


0.34 


0.93 


21 


4 


0.5 




11 


18 


17:39.0 


-12:04:36 




0.06 


0.36 


1.00 


17 


4 


2 




12 


18 


17:41.0 


-12:06:22 




0.13 


0.48 


3.68 


16 


10 


7 




13 


18 


17:41.5 


-12:06:22 




0.12 


0.50 


2.90 


16 


9 


5 




14 


18 


17:41.6 


-12:13:14 




0.25 


0.63 


1.86 


20 


7 


1 




15 


18 


17:43.0 


-12:05:26 




0.35 


0.70 


2.85 


19 


9 


2 




16 


18 


17:43.5 


-12:05:21 




0.12 


0.40 


2.08 


17 


6 


3 




17 


18 


17:44.8 


-12:03:50 




0.25 


0.64 


2.04 


19 


7 


2 




18 


18 


17:45.5 


-12:09:03 




0.09 


0.57 


0.84 


19 


4 


1 




19 


18 


17:47.2 


-12:05:33 




0.10 


0.68 


1.63 


17 


6 


3 




20 


18 


17:49.9 


-12:12:49 




0.11 


0.36 


1.60 


17 


5 


2 




21 


18 


17:49.9 


-12:09:17 




0.49 


1.71 


19.23 


15 


48 


42 




22 


18 


17:50.4 


-12:10:49 




0.52 


1.37 


2.67 


21 


11 


2 




23 


18 


17:50.4 


-12:07:53 




16.34 


57.44 


106.20 


20 


453 


81 




24 


18 


17:52.1 


-12:06:48 


4.3^ 


15.05 


20.28 


35.46 


24 


184 


10 


G018.3396-h01.7949 


25 


18 


17:52.4 


-12:09:34 




0.23 


0.88 


4.28 


17 


13 


6 




26 


18 


17:52.6 


-12:05:11 




0.10 


0.54 


1.52 


17 


6 


2 




27 


18 


17:52.8 


-12:09:52 




0.31 


0.99 


3.94 


18 


13 


4 




28 


18 


17:53.8 


-12:10:20 




0.25 


0.75 


1.63 


20 


7 


1 




29 


18 


17:56.0 


-12:04:55 




0.44 


0.84 


1.82 


22 


8 


0.8 




30 


18 


17:57.8 


-12:05:44 




0.59 


2.34 


11.47 


17 


35 


17 




31 


18 


17:58.0 


-12:05:37 




0.41 


1.56 


11.10 


16 


31 


20 




32 


18 


17:58.3 


-12:07:24 


61.8^ 


379.93 


565.18 


503.50 


28 


4026 


106 


G018.3412-h01.7681 


33 


18 


17:58.6 


-12:03:44 




0.39 


0.58 


3.18 


19 


9 


2 
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Table C.l. continued. 



ID 


RA (J2000) 


Dec (J2000) 


^ 24 


S 70 


S joo 


iS ]^5o 


Tdust 


Luminosity 


Mass 


Remark 


number 




/o.'.'S 
V • • / 


(Jv) 


(Jv) 


(Jv) 


(Jv) 


(K) 








34 


18 


17:59.2 


-12:02:22 




0.38 


0.88 


1.92 


21 


8 


1 




35 


18 


17:59.6 


-12:03:49 




0.30 


0.82 


2.58 


19 


9 


2 




36 


18 


17:59.9 


-12:04:41 




0.15 


0.46 


0.75 


21 


3 


0.5 




37 


18 


18:00.2 


-12:08:34 




0.41 


2.05 


6.92 


17 


24 


10 




38 


18 


18:00.4 


-12:02:02 




0.18 


0.63 


1.16 


20 


5 


0.9 




39 


18 


18:06.3 


-12:11:59 




0.12 


0.33 


0.62 


21 


3 


0.4 




40 


18 


18:06.6 


-12:06:55 




0.51 


2.21 


6.07 


18 


22 


7 




41 


18 


18:07.0 


-12:09:10 




0.23 


1.17 


6.95 


16 


21 


15 




42 


18 


18:07.2 


-12:11:29 




0.18 


0.49 


1.35 


19 


5 


1 




43 


18 


18:07.2 


-12:09:03 




0.20 


0.72 


7.21 


15 


18 


15 




44 


18 


18:10.0 


-12:08:38 




0.25 


2.03 


2.47 


18 


12 


3 




IRDC18182 


1 


18:20:49.8 


-14:32:57 


- 


0.10 


0.36 


1.22 


18 


7 


2 




2 


18:20:50.3 


-14:32:25 


- 


0.11 


0.37 


1.24 


18 


7 


2 




3 


18:20:56.5 


-14:31:00 


- 


0.07 


0.42 


2.70 


15 


14 


11 




4 


18:20:57.2 


-14:33:27 


- 


0.07 


0.42 


1.84 


16 


10 


7 




5 


18:20:58.9 


-14:31:02 


0.20 


1.58 


2.58 


3.53 


24 


34 


2 




6 


18:20:59.7 


-14:33:38 


0.08 


1.42 


2.39 


2.40 


26 


28 


1 




7 


18:20:60.0 


-14:33:48 


0.13 


1.13 


2.15 


2.82 


24 


27 


2 




8 


18:21:00.3 


-14:33:15 




0.39 


1.00 


2.09 


21 


15 


2 




9 


18:21:01.2 


-14:33:10 


0.05 


2.06 


4.46 


6.63 


23 


57 


5 




10 


18:21:05.3 


-14:31:22 


0.22 


2.24 


4.15 


5.26 


24 


51 


3 




11 


18:21:09.1 


-14:31:48 


12.7^ 


241.30 


515.61 


591.42 


24 


5889 


352 


G016.5830-00.0518 


12 


18:21:10.6 


-14:29:39 




0.47 


1.35 


2.52 


21 


18 


3 




13 


18:21:12.2 


-14:35:26 


0.05 


0.05 


0.37 


1.25 


16 


8 


5 




14 


18:21:15.0 


-14:33:02 


0.66 


4.45 


10.20 


16.91 


22 


135 


13 




15 


18:21:15.3 


-14:28:39 




0.56 


1.35 


2.00 


22 


17 


2 




16 


18:21:15.5 


-14:28:54 


0.03 


0.34 


0.79 


0.72 


25 


8 


0.4 




17 


18:21:15.8 


-14:34:18 




0.05 


0.34 


1.12 


16 


7 


4 




18 


18:21:15.9 


-14:32:36 




0.17 


1.12 


4.09 


16 


24 


14 




19 


18:21:17.8 


-14:34:31 




0.10 


0.45 


1.31 


18 


8 


3 




20 


18:21:18.0 


-14:31:32 




0.20 


0.49 


1.11 


21 


8 


1 




21 


18:21:18.9 


-14:31:26 


0.03 


0.17 


0.28 


0.91 


21 


6 


0.8 




22 


18:21:22.9 


-14:33:02 




0.05 


0.41 


7.91 


13 


37 


89 




23 


18:21:23.8 


-14:33:24 


0.02 


2.19 


5.99 


10.30 


21 


79 


10 




24 


18:21:25.0 


-14:27:10 




0.20 


0.54 


1.05 


21 


8 


1 




25 


18:21:25.9 


-14:32:24 




0.16 


0.64 


2.23 


18 


13 


5 




26 


18:21:30.8 


-14:30:41 


0.26 


4.42 


7.07 


8.84 


25 


91 


4 




IRDC 18223 


1 


18:25:07.0 


-12:45:58 


0.24 


2.27 


5.50 


10.25 


21 


79 


10 




2 


18:25:07.1 


-12:47:51 


0.008 


1.09 


3.73 


6.93 


20 


52 


9 




3 


18:25:08.3 


-12:41:29 




0.56 


1.83 


4.55 


19 


30 


7 




4 


18:25:08.6 


-12:50:11 


0.010 


0.22 


0.63 


1.72 


19 


11 


2 




5 


18:25:08.6 


-12:45:22 


0.01 


6.42 


23.52 


43.67 


20 


324 


61 




6 


18:25:09.8 


-12:43:13 


0.76 


5.98 


10.49 


13.05 


25 


135 


7 




7 


18:25:10.0 


-12:44:06 


0.88 


8.41 


14.93 


20.92 


24 


201 


12 




8 


18:25:10.8 


-12:42:23 


63.9^ 


63.76 


154.38 


227.98 


22 


1979 


185 


IRAS 18223-1243 


9 


18:25:11.2 


-12:41:48 




2.45 


5.92 


30.55 


18 


157 


51 




10 


18:25:12.2 


-12:41:47 




2.07 


4.62 


21.14 


19 


113 


31 




11 


18:25:13.1 


-12:44:29 


0.04 


0.54 


1.49 


2.90 


21 


22 


3 




12 


18:25:17.5 


-12:48:26 


0.04 


0.70 


2.05 


5.00 


20 


34 


7 




13 


18:25:18.0 


-12:53:25 


0.009 


0.04 


0.45 


1.62 


15 


11 


10 




14 


18:25:18.9 


-12:52:09 


0.01 


0.05 


0.16 


1.21 


16 


6 


3 




15 


18:25:19.3 


-12:52:11 


0.02 


0.44 


1.22 


2.27 


21 


17 


2 




16 


18:25:20.2 


-12:45:41 


0.07 


0.38 


0.85 


1.54 


22 


12 


1 




17 


18:25:20.3 


-12:51:21 


0.02 


0.62 


2.19 


4.00 


20 


30 


5 




18 


18:25:21.2 


-12:52:23 




0.06 


0.23 


0.90 


18 


5 


2 




19 


18:25:21.7 


-12:54:19 




0.12 


0.46 


0.75 


20 


6 


1.0 




20 


18:25:22.9 


-12:52:33 


0.10 


0.55 


0.84 


1.00 


26 


11 


0.5 




21 


18:25:24.8 


-12:52:31 


0.18 


0.15 


0.26 


0.66 


22 


5 


0.5 




IRDC 18306 


1 


18:33:16.4 


-8:34:24 


0.02 


0.47 


1.33 


3.50 


19 


25 


5 




2 


18:33:17.1 


-8:31:43 




0.05 


0.30 


0.92 


17 


6 


3 




3 


18:33:17.2 


-8:33:22 


3.2 


31.25 


54.93 


63.31 


25 


746 


35 


G023.2573-k00.1012 


4 


18:33:21.0 


-8:31:09 


0.05 


0.05 


0.30 


0.41 


19 


4 


0.8 




5 


18:33:23.9 


-8:33:32 


7.9^ 


56.45 


168.65 


292.99 


21 


2459 


346 


G023.2637-k00.0744 
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Table C.l. continued. 



ID 


RA (J2000) 


Dec (J2000) 


24 


70 


100 


160 


T^dust 


Luminosity 


Mass 


Remark 


number 






(Jy) 


(Jy) 


(Jy) 


(Jy) 


(K) 


(^o) 


(Mo) 




6 


18:33:28.0 


-8:34:43 




0.96 


0.55 


2.10 


25 


16 


0.8 




7 


18:33:29.7 


-8:27:26 


0.02 


0.33 


0.85 


2.08 


20 


15 


3 




8 


18:33:30.4 


-8:28:44 


0.01 


0.08 


0.34 


5.96 


14 


27 


38 




9 


18:33:31.9 


-8:28:40 


0.010 


0.09 


0.42 


1.77 


17 


11 


5 




10 


18:33:34.6 


-8:31:51 


0.01 


0.07 


0.40 


1.06 


17 


7 


3 




11 


18:33:37.3 


-8:31:10 




0.06 


0.23 


1.02 


17 


6 


3 




IRDC 18308 


1 


18:33:30.0 


-8:38:35 


3.1 


15.46 


23.40 


27.85 


26 


500 


20 


G023.2022+00.0148 


2 


18:33:30.6 


-8:41:56 




0.39 


1.22 


2.08 


21 


26 


4 




3 


18:33:30.7 


-8:36:25 


0.009 


0.14 


0.54 


2.46 


17 


22 


10 




4 


18:33:32.9 


-8:39:15 


3.2 


46.15 


96.98 


163.36 


22 


2177 


199 




5 


18:33:34.2 


-8:38:40 


0.05 


2.79 


6.28 


9.33 


22 


131 


11 




6 


18:33:36.4 


-8:37:45 




0.22 


0.48 


1.05 


21 


12 


2 




IRDC18310 


1 


18:33:37.2 


-8:20:42 


0.006 


0.07 


0.55 


1.36 


17 


18 


9 




2 


18:33:37.3 


-8:21:50 




0.09 


0.47 


1.37 


17 


17 


7 




3 


18:33:39.8 


-8:21:56 




0.49 


1.16 


2.12 


21 


33 


4 




4 


18:33:41.5 


-8:25:15 


0.02 


1.10 


2.43 


3.69 


23 


63 


5 




5 


18:33:43.9 


-8:21:20 


3.3 


38.91 


129.29 


223.02 


20 


3384 


532 




6 


18:33:43.9 


-8:25:19 


0.11 


8.60 


21.09 


29.70 


22 


519 


47 




7 


18:33:44.7 


-8:24:03 


0.26 


3.54 


6.50 


8.08 


24 


163 


9 




8 


18:33:46.9 


-8:24:44 


0.29 


2.89 


4.68 


6.03 


25 


123 


6 




9 


18:33:47.4 


-8:23:46 


2.8 


14.53 


27.74 


412.25 


16 


3046 


1992 




10 


18:33:47.5 


-8:23:33 


19.6" 


53.14 


86.70 


136.83 


24 


2460 


153 


IRAS 18310-0825 


11 


18:33:49.2 


-8:19:06 




0.05 


0.27 


1.40 


16 


15 


11 




IRDC18337 


1 


18:36:08.1 


-7:44:52 


1.3 


12.02 


35.61 


75.06 


20 


586 


100 


G024.2938-00.1517 


2 


18:36:10.3 


-7:44:06 


0.28 


1.94 


6.03 


16.49 


19 


116 


27 




3 


18:36:12.4 


-7:41:39 


0.05 


3.04 


8.55 


15.78 


21 


131 


18 




4 


18:36:15.9 


-7:42:49 


0.02 


0.12 


0.42 


2.97 


16 


16 


10 




5 


18:36:16.1 


-7:45:10 




0.26 


1.38 


3.15 


18 


23 


8 




6 


18:36:18.2 


-7:40:56 


0.06 


3.53 


12.36 


21.24 


20 


178 


30 




7 


18:36:19.0 


-7:43:51 




0.09 


0.73 


1.49 


17 


12 


5 




8 


18:36:19.2 


-7:41:09 


0.25 


0.47 


0.74 


1.36 


23 


13 


0.9 




9 


18:36:19.4 


-7:41:39 




0.28 


0.69 


2.41 


19 


16 


4 




10 


18:36:19.8 


-7:41:24 




0.14 


0.24 


1.51 


18 


8 


2 




11 


18:36:25.3 


-7:39:51 




0.06 


0.25 


1.34 


16 


8 


4 




12 


18:36:27.1 


-7:40:33 


21.1^ 


32.45 


46.38 


44.72 


27 


653 


18 


G024.3977-00.1889 


13 


18:36:27.8 


-7:42:38 




0.10 


0.63 


2.09 


16 


14 


8 




14 


18:36:31.2 


-7:43:54 


0.02 


0.19 


0.55 


1.10 


20 


9 


1 




15 


18:36:34.1 


-7:39:54 




0.36 


1.27 


3.52 


19 


24 


7 




16 


18:36:38.3 


-7:41:06 


0.01 


0.15 


1.21 


1.71 


18 


15 


5 




17 


18:36:38.7 


-7:41:12 


0.01 


0.25 


1.03 


1.99 


19 


16 


4 




IRDC18385 


1 


18:41:13.2 


-5:09:00 


2.8 


407.66 


641.91 


540.31 


28 


6140 


163 


G027.1852-00.0812 


2 


18:41:17.5 


-5:09:55 


0.06 


0.42 


1.16 


3.48 


19 


17 


4 




3 


18:41:19.9 


-5:11:13 




0.07 


0.40 


0.95 


18 


5 


2 




4 


18:41:20.6 


-5:07:57 


0.20 


4.98 


8.91 


11.38 


24 


92 


5 




5 


18:41:23.0 


-5:07:11 


0.01 


0.25 


0.70 


2.04 


19 


10 


2 




6 


18:41:23.4 


-5:10:17 


0.008 


0.19 


0.59 


1.31 


20 


7 


1 




7 


18:41:25.7 


-5:10:04 


1.8 


15.95 


21.81 


21.40 


27 


230 


6 




IRDC 18437 


1 


18:46:07.0 


-2:16:50 




0.33 


1.11 


1.96 


20 


35 


6 




2 


18:46:12.2 


-2:16:46 




0.14 


0.39 


0.81 


20 


14 


2 




3 


18:46:13.4 


-2:15:10 




0.12 


0.60 


1.00 


19 


18 


4 




4 


18:46:14.0 


-2:16:35 




0.11 


0.81 


1.65 


17 


28 


11 




5 


18:46:14.3 


-2:12:08 




0.06 


0.49 


2.06 


15 


30 


25 




6 


18:46:14.6 


-2:15:45 




0.25 


0.84 


2.99 


18 


42 


13 




7 


18:46:16.7 


-2:15:36 


0.04 


3.26 


9.24 


16.44 


21 


303 


41 




8 


18:46:17.2 


-2:13:30 




0.09 


0.49 


1.95 


17 


27 


14 




9 


18:46:17.7 


-2:17:03 




0.08 


0.47 


1.63 


17 


24 


13 




10 


18:46:19.7 


-2:15:09 




0.10 


0.47 


1.65 


17 


23 


10 




11 


18:46:20.4 


-2:16:07 




0.19 


0.82 


2.70 


18 


39 


15 




12 


18:46:20.6 


-2:11:15 


0.03 


0.19 


0.44 


0.85 


21 


15 


2 




13 


18:46:21.6 


-2:12:22 


0.22 


2.40 


4.59 


9.32 


22 


170 


17 




14 


18:46:22.3 


-2:14:22 


0.41 


6.54 


12.86 


20.80 


23 


427 


34 
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Table C.l. continued. 



ID 


RA (J2000) 


Dec (J2000) 


S 24 


S 70 


S 100 


S 160 


Tdust 


Luminosity 


Mass 


Remark 


number 






: ) 


(Jy) 


(Jy) 


(Jy) 


(Jy) 


(K) 


(^o) 


(Mo) 




15 


18:46:23.9 


-2:11:35 




0.05 


0.20 


0.63 


18 


9 


3 




16 


18:46:23.9 


-2:15:20 


3.0 


13.80 


29.52 


36.00 


24 


851 


55 


G030.3493+00.0909(a) 


17 


18:46:24.3 


-2:19:49 




0.36 


1.06 


4.07 


18 


55 


17 




18 


18:46:24.4 


-2:15:19 


4.4^ 


8.95 


29.02 


35.67 


22 


770 


82 


G030.3493+00.0909(b) 


19 


18:46:25.1 


-2:17:40 


0.26 


22.45 


52.88 


68.79 


23 


1531 


120 




20 


18:46:25.9 


-2:19:13 


23.3« 


69.25 


127.04 


156.78 


24 


3839 


206 


IRAS 18438-0222 


IRDC 18454 


1 


18:47:35.4 


-1 


56:34 


S 


31.44 


92.44 


183.67 


20 


3145 


501 




2 


18:47:38.5 


-1 


55:22 


S 


43.61 


77.21 


140.60 


23 


2711 


221 




3 


18:47:38.8 


-1 


57:42 


s 


232.90 


487.90 


612.71 


24 


14049 


914 




4 


18:47:39.0 


-1 


56:43 


s 


64.45 


131.95 


343.53 


21 


5408 


768 




5 


18:47:39.4 


-1 


56:50 


s 


61.22 


169.29 


341.27 


20 


5842 


883 




6 


18:47:39.5 


-1 


53:54 


s 


2.24 


20.23 


133.29 


14 


1761 


2148 




7 


18:47:40.0 


-1 


56:11 


s 


29.86 


49.53 


60.43 


25 


1509 


70 




8 


18:47:40.0 


-1 


57:23 


760.4^ 


175.00 


251.16 


285.15 


26 


7874 


274 


IRAS 18450-0200 


9 


18:47:47.1 


-1 


54:26 


0.27 


92.86 


458.32 


985.29 


18 


16006 


4658 




10 


18:47:49.5 


-1 


55:27 


- 


1.72 


7.44 


25.45 


17 


354 


138 




11 


18:47:49.8 


-2 


01:14 


- 


0.59 


2.56 


9.14 


17 


125 


51 




12 


18:47:50.7 


-1 


49:48 


0.10 


1.04 


3.20 


3.56 


22 


80 


7 




13 


18:47:51.2 


-1 


58:14 


- 


2.93 


3.43 


26.88 


19 


279 


66 




14 


18:47:51.8 


-1 


49:21 


1.3 


8.62 


15.21 


24.61 


23 


508 


36 




15 


18:47:55.6 


-1 


58:43 


- 


0.62 


1.35 


7.65 


18 


89 


29 




16 


18:47:55.7 


-1 


53:22 


0.02 


0.49 


2.93 


18.89 


15 


233 


202 




17 


18:47:57.2 


-1 


54:52 


S 


3.47 


7.55 


15.33 


21 


269 


31 




18 


18:47:57.9 


-1 


55:03 


0.91 


2.44 


4.87 


12.58 


21 


199 


27 


G030.8295-00.1008 


19 


18:47:59.7 


-1 


57:12 


0.17 


2.55 


5.79 


5.50 


25 


146 


8 




20 


18:48:00.1 


-1 


57:23 


- 


2.33 


4.08 


6.93 


23 


139 


10 




21 


18:48:02.2 


-1 


55:40 


1.2 


15.36 


47.43 


60.89 


22 


1273 


135 




22 


18:48:03.0 


-1 


56:38 


- 


1.23 


1.90 


4.76 


22 


79 


8 




23 


18:48:03.0 


-1 


49:41 




0.20 


0.57 


2.87 


18 


35 


13 




24 


18:48:03.1 


-1 


56:16 


0.02 


0.75 


1.35 


3.52 


21 


56 


7 




25 


18:48:04.5 


-1 


55:07 




0.37 


1.90 


6.48 


17 


91 


41 




26 


18:48:04.8 


-1 


50:28 


0.04 


0.82 


1.49 


3.17 


22 


56 


6 




27 


18:48:05.4 


-1 


47:45 


0.04 


1.04 


1.15 


3.99 


22 


60 


6 




28 


18:48:06.0 


-1 


53:26 


0.04 


2.07 


6.99 


10.76 


21 


204 


29 




29 


18:48:06.2 


-1 


49:33 




0.24 


0.72 


2.95 


18 


38 


12 




30 


18:48:08.5 


-1 


56:50 


74.8^ 


8.80 


19.01 


37.91 


21 


673 


77 


G030.8231-00.1563 


31 


18:48:09.5 


-1 


56:50 


S 


1.06 


3.77 


37.35 


15 


389 


309 




32 


18:48:11.2 


-1 


55:01 


0.03 


1.21 


2.70 


4.02 


23 


83 


7 




33 


18:48:11.9 


-1 


58:07 


0.06 


2.35 


6.75 


12.17 


21 


218 


31 




34 


18:48:12.2 


-1 


58:14 


0.09 


2.14 


3.70 


4.21 


25 


109 


5 




35 


18:48:13.9 


-1 


55:15 


0.02 


0.32 


1.35 


8.93 


16 


104 


69 




36 


18:48:17.0 


-1 


58:48 




0.23 


0.78 


3.38 


17 


43 


17 




37 


18:48:20.2 


-1 


58:05 


0.02 


0.28 


0.87 


4.65 


17 


56 


24 




38 


18:48:20.8 


-1 


54:12 


0.01 


0.54 


2.06 


3.35 


20 


61 


11 




39 


18:48:21.4 


-1 


56:21 


2.0 


2.77 


2.93 


2.90 


29 


103 


2 


G030.8561-00.2008 


IRDC18530 


1 


18:55:21.6 


2:17:02 


0.07 


0.61 


2.26 


4.00 


20 


52 


10 




2 


18:55:25.3 


2:17:42 




0.04 


0.19 


0.52 


18 


6 


2 




3 


18:55:32.7 


2:20:15 




0.74 


0.77 


5.70 


20 


45 


9 




4 


18:55:33.9 


2:19:09 


265. 1« 


153.03 


245.26 


395.05 


24 


6184 


385 


IRAS 18530+0215 


5 


18:55:43.2 


2:18:10 




0.04 


0.35 


0.92 


16 


11 


6 




IRDC19175 


1 


19:19:35.3 


14:00:54 


0.02 


0.47 


1.58 


2.63 


20 


1 


0.2 




2 


19:19:37.1 


14:01:16 


0.76 


6.05 


10.16 


11.70 


25 


6 


0.3 




3 


19:19:39.5 


14:00:04 


0.01 


0.13 


0.50 


1.17 


19 


0.4 


0.10 




4 


19:19:39.8 


14:01:51 


0.02 


0.42 


1.37 


3.45 


19 


1 


0.2 




5 


19:19:40.2 


14:02:13 


0.15 


2.82 


3.48 


3.50 


28 


2 


0.06 




6 


19:19:40.7 


13:59:58 




0.10 


0.30 


0.65 


20 


0.2 


0.04 




7 


19:19:41.1 


13:59:53 




0.13 


0.43 


1.27 


19 


0.4 


0.1 




8 


19:19:41.4 


14:01:18 


1.5 


12.34 


17.33 


22.58 


26 


12 


0.5 




9 


19:19:42.2 


14:00:04 


0.01 


0.12 


0.47 


1.33 


18 


0.4 


0.1 




10 


19:19:42.6 


14:03:07 




0.07 


0.33 


0.76 


18 


0.3 


0.07 




11 


19:19:42.7 


14:01:48 




1.00 


2.60 


5.01 


21 


2 


0.2 




12 


19:19:43.5 


14:01:22 


1.3 


4.19 


5.33 


5.29 


28 


4 


0.09 


G048.6047+00.2385 


13 


19:19:48.3 


14:01:18 


0.09 


0.38 


0.79 


1.77 


21 


0.6 


0.08 
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Table C.l. continued. 



ID 


RA (J2000) 


Dec (J2000) 


24 


S 70 


S IQQ 


S IQQ 


Tdust 


Luminosity 


Mass 


Remark 


number 


(71. 




V • • / 


(Jv) 


(Jv) 


(Jv) 


(Jv) 


(K) 








14 


19 


19 


48.4 


14:02:25 


0.88 


9.10 


15.70 


21.15 


24 


10 


0.6 




15 


1 o 


19 


48.9 


14:02:47 


15.0" 


17.52 


44.75 


71.54 


22 


29 


3 


TRAS 19176-1-1359 


16 


19 


19 


50.1 


14:01:49 




0.27 


0.84 


2.15 


19 


0.7 


0.1 




17 


19 


19 


52.5 


14:03:51 




0.42 


1.50 


8.44 


17 


2 


1 




18 


19 


19 


52.9 


14:00:53 


0.01 


0.43 


0.97 


1.97 


21 


0.7 


0.09 




19 


19 


19 


53.6 


14:03:46 


0.04 


0.79 


2.74 


8.35 


18 


3 


0.7 




20 


19 


19 


55.1 


14:03:50 


0.04 


0.89 


2.96 


9.26 


18 


3 


0.8 




21 


19 


19 


55.4 


14:04:59 


15.0 


17.48 


21.46 


16.78 


30 


14 


0.2 




22 


19 


19 


55.9 


14:03:48 


0.05 


0.95 


1.68 


4.20 


21 


1 


0.2 




23 


19 


19 


57.7 


14:01:19 


0.01 


0.27 


1.34 


3.68 


18 


1 


0.4 




IRDC20081 


1 


20 


10 


18.7 


27:27:19 




1.08 


2.62 


4.65 


21 


3 


0.4 




ISOSSJ04225+5150 


1 


04 


22 


26.6 


51:50:43 




2.24 


6.04 


14.38 


20 


144 


25 




2 


04 


22 


30.0 


51:50:35 




4.81 


9.44 


12.27 


24 


176 


11 




3 


04 


22 


32.4 


51:50:29 


6.5" 


16.71 


28.36 


35.84 


25 


546 


27 


IRAS 04186+5143 


ISOSSJ061 14+172 


1 


06 


11 


03.8 


17:27:14 




0.08 


0.24 


0.48 


20 


10 


2 




2 


06 


11 


23.8 


17:26:27 


24.79^ 


30.74 


43.53 


44.99 


27 


1633 


49 


IRAS 06084+1727 


3 


06 


11 


26.1 


17:28:35 




0.04 


0.14 


0.37 


19 


7 


2 




4 


06 


11 


26.3 


17:29:39 




0.06 


0.17 


0.63 


19 


10 


3 




5 


06 


11 


29.4 


17:27:05 




0.11 


0.17 


0.96 


19 


14 


3 




6 


06 


11 


29.5 


17:27:38 




0.16 


0.77 


1.03 


20 


24 


5 




7 


06 


11 


32.3 


17:26:05 




0.24 


0.63 


1.02 


22 


24 


3 




ISOSSJ06527+0140 


1 


06 


52 


45.2 


1:40:21 


8.6" 


40.58 


85.19 


109.36 


24 


1990 


133 


IRAS 06501+0143 


2 


06 


52 


46.1 


1:40:17 


2.7^ 


7.92 


17.41 


31.82 


22 


473 


50 


G21 1.5966+01.0583 


ISOSSJ18364-0221 


1 


18 


36 


29.7 


-2:21:58 


0.41 


2.72 


4.65 


6.22 


24 


28 


2 


G029.1199+02.2418 


2 


18 


36 


36.2 


-2:21:49 


0.10 


14.96 


31.86 


38.23 


24 


173 


11 




ISOSSJ19357+1950 


1 


19 


35 


44.1 


19:50:47 


0.04 


0.21 


0.58 


1.36 


20 


17 


3 




2 


19 


35 


44.2 


19:50:36 


0.03 


0.35 


0.72 


1.19 


22 


18 


2 




ISOSSJ19486+2556 


1 


19 


48 


35.6 


25:56:45 


0.15 


5.13 


10.73 


13.28 


24 


81 


5 




2 


19 


48 


37.9 


25:57:15 


0.12 


1.45 


3.56 


7.48 


21 


34 


5 




3 


19 


48 


39.1 


25:57:10 


0.04 


0.30 


0.88 


7.10 


16 


20 


11 




ISOSSJ19557+2825 


1 


19 


55 


45.6 


28:25:38 


0.08 


0.33 


0.84 


1.70 


21 


13 


2 




2 


19 


55 


48.2 


28:25:31 


0.94 


5.64 


8.23 


14.04 


24 


128 


8 




3 


19 


55 


50.0 


28:24:32 


0.03 


0.31 


0.71 


1.09 


22 


10 


0.9 




ISOSSJ20093+2729 


1 


20 


09 


16.6 


27:29:05 




0.94 


1.48 


2.08 


25 


2 


0.1 




2 


20 


09 


19.3 


27:29:37 




2.64 


4.35 


8.38 


23 


7 


0.6 




3 


20 


09 


23.5 


27:29:48 




1.95 


2.89 


3.84 


25 


4 


0.2 




ISOSSJ20153+3453 


1 


20 


15 


21.3 


34:53:45 


3.32" 


20.83 


42.95 


52.43 


24 


65 


4 


IRAS 20134+3444 


ISOSSJ20298+3559 


1 


20 


29 


36.2 


35:58:18 


0.13 


0.58 


1.01 


1.78 


23 


1 


0.08 




2 


20 


29 


42.6 


35:58:33 


0.008 


0.08 


0.18 


0.71 


19 


0.3 


0.07 




3 


20 


29 


45.7 


35:58:47 


0.15 


0.68 


1.79 


3.17 


21 


2 


0.2 




4 


20 


29 


47.9 


35:58:48 


0.05 


0.34 


0.60 


1.19 


22 


0.7 


0.06 




5 


20 


29 


48.0 


35:59:27 


0.98 


5.06 


6.23 


8.69 


26 


7 


0.3 


IRAS 20278+3549 


6 


20 


29 


49.6 


35:59:16 


0.02 


0.19 


0.87 


3.17 


17 


1 


0.6 




ISOSSJ21311+5127 


1 


21 


31 


11.6 


51:27:48 




3.10 


6.16 


12.43 


22 


266 


28 




2 


21 


31 


12.2 


51:27:35 


3.5" 


4.65 


4.96 


11.80 


24 


263 


16 


IRAS 21294+51 14(a) 


3 


21 


31 


13.0 


51:27:37 




4.16 


2.03 


47.40 


18 


400 


112 


IRAS 21294+51 14(b) 


ISOSSJ22164+6003 


1 


22 


16 


19.1 


60:03:08 


0.48 


3.05 


4.55 


5.08 


26 


137 


5 




2 


22 


16 


20.2 


60:03:36 




0.15 


0.51 


1.83 


18 


24 


8 




3 


22 


16 


22.1 


60:03:50 




0.10 


0.50 


1.78 


17 


24 


11 




4 


22 


16 


29.4 


60:03:30 


0.27 


2.95 


5.21 


8.76 


23 


173 


13 




5 


22 


16 


32.4 


60:04:40 


0.74 


4.86 


8.42 


11.79 


24 


260 


15 





ISOSSJ22478+6357 
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Table C.l. continued. 



ID 


RA (J2000) 


Dec (J2000) 


24 


S 70 


S IQQ 


S ]^5o 


Tdust 


Luminosity 


Mass 


Remark 


number 




C::") 


(Jy) 


(Jy) 


(Jy) 


(Jy) 


(K) 


(^o) 


(^o) 




1 


22:47:46.6 


63:56:49 




0.16 


0.52 


2.06 


18 


10 


3 




2 


22:47:46.8 


63:56:32 




0.28 


0.44 


1.26 


21 


7 


0.8 




3 


22:47:48.2 


63:56:44 




0.31 


0.77 


1.44 


21 


9 


1 




4 


22:47:50.1 


63:56:45 




0.22 


0.36 


1.52 


20 


7 


1 




5 


22:47:50.6 


63:56:57 




0.27 


0.56 


1.18 


21 


7 


0.9 




6 


22:47:53.3 


63:55:57 




0.51 


0.98 


1.15 


24 


10 


0.6 




7 


22:47:56.9 


63:57:34 




0.28 


0.42 


0.64 


24 


5 


0.3 




ISOSSJ23053+5953 


1 


23:05:15.1 


59:54:05 


0.010 


0.07 


0.14 


0.27 


22 


3 


0.3 




2 


23:05:21.7 


59:53:42 


0.10 


7.63 


22.50 


35.94 


21 


441 


56 




3 


23:05:23.7 


59:53:53 


0.51 


18.16 


44.13 


67.02 


22 


869 


84 


IRAS 23032+5937 


ISOSSJ23129+5944 


1 


23:12:56.7 


59:43:45 




0.11 


0.19 


0.76 


20 


3 


0.6 




ISOSSJ23287+6039 


1 


23:28:46.5 


60:39:25 


0.79 


4.25 


5.14 


8.35 


25 


52 


2 





IRAS 25 Jim flux. 
MSX21 fim flux. 

Counterpart exists, but bad fit to the psf. 
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